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Title  40 — Protection  of  the 
Environment 

CHAPTER  I— ENVIRONMENTAL 
PROTECTION  AGENCY 

[FRL  845-3:  Docket  No.  OMSAPC-78-11 

PART  87— CONTROL  OF  AIR  POLLU¬ 
TION  FROM  AIRCRAFT  AND  AIR¬ 
CRAFT  ENGINES 

Amendment  to  Standards 

AGENCY;  Environmental  Protection 
Agency  (EPA). 

ACTION;  Pinal  rule. 

SUMMARY;  Published  elsewhere  in 
this  issue,  the  EPA  is  proposing  a  wide 
range  of  changes  to  gaseous  emissions 
standards  applicable  to  aircraft  and 
aircraft  engines  which  were  promul¬ 
gated  on  July  17,  1973  (38  FR  19090). 
This  final  rule  sets  back  by  2  years, 
until  January  1,  1981,  the  effective 
date  for  all  gaseous  emissions  stan¬ 
dards  which  would  otherwise  have 
been  effective  on  January  1,  1979  for 
newly  manufactured  aircraft  and  air¬ 
craft  gas  turbine  engines.  This  change 
in  compliance  date  will  allow  more 
time  for  analysis  of  comments  received 
during  the  public  comment  period  and 
public  hearings  on  the  proposed 
changes  to  the  standards,  before  their 
final  promulgation.  It  will  additionally 
permit  a  thorough  reassessment  of  the 
air  quality  impact  of  aircraft  oper¬ 
ations  at  large  metropolitan  airports. 

EFFE<^IVE  DATE:  AprU  24,  1978. 

FOR  FURTHER  INFORMATION 
CONTACT; 

George  Kittredge,  Senior  Technical 
Advisor,  Office  of  Mobile  Source  Air 
Pollution  Control,  Environmental 
Protection  Agency,  Waterside  Mall, 
Washington,  D.C.  20460,  202-426- 
2464. 

SUPPLEMENTARY  INFORMATION: 
The  EPA  and  FAA  have  agreed  that  a 
reanalysis  needs  to  be  made  of  the  air 
quality  of  aircraft  emissions  impact,  so 
as  to  place  final  action  with  respect  to 
amended  standards  on  the  soundest 
possible  basis.  The  principal  issue  in 
this  reanalysis  is  the  degree  of  need 
for  control  of  NOx  emissions  from  air¬ 
craft  (see  also  below).  It  is  estimated 
that  such  an  analysis,  to  be  reasonably 
comprehensive,  cannot  be  completed 
until  mid-1979.  To  take  full  advantage 
of  this  reanalysis,  final  rulemaking  re¬ 
lated  to  the  NOx  standard  based  on 


this  new  information  will  not  be  possi¬ 
ble  until  1980. 

Another  development  which  bears 
on  the  timing  for  promulgation  of  the 
subject  amendments  is  the  require¬ 
ment  in  the  1977  Amendments  to  the 
Clean  Air  Act  that  the  EPA  t4d(e 
action  on  a  short  term  ambient  air 
quality  standard  for  N02  by  Augrust 
1978.  It  is  expected  that  such  action 
by  the  EPA  might  significantly 
strengthen  the  need  for  NOx  stan¬ 
dards  applicable  to  aircraft  and  air¬ 
craft  engines.  It  appears  prudent  for 
EPA  to  delay  final  action  on  amended 
NOx  standards  applicable  to  aircraft 
until  a  fully  developed  position  has 
been  taken  with  respect  to  a  short 
term  ambient  air  N02  standard.  This 
in  itself  would  delay  final  rulemaking 
on  an  NOx  standard  until  relatively 
late  in  1978. 

In  addition,  the  proposed  changes  to 
the  currently  promulgated  aircraft 
and  aircraft  engine  standards,  which 
are  being  published  concurrently  with 
this  action,  extend  over  a  wide  range 
of  technological  issues.  The  comments 
expected  to  be  submitted  to  EPA  on 
the  proposals  are  likely  to  be  detailed 
and  extensive.  Further,  the  EPA  will 
be  conducting,  during  the  comment 
period,  an  analysis  of  the  economic 
impact  of  the  proposed  changes  which 
is  to  be  published  separately  at  least 
30  days  prior  to  the  end  of  the  com¬ 
ment  period,  which  has  been  extended 
to  120  days  to  allow  for  this  action. 
Therefore,  it  is  likely  that  thorough 
technical  analysis  of  all  the  technical 
and  cost  information  received  will 
extend  well  into  the  fall  of  1978, 
which  would  cause  the  final  promulga¬ 
tion  of  the  amendments  to  the  stan¬ 
dards  to  fall  undesirably  close  to  the 
January  1,  1979  implementation  date 
for  the  current  standards  applicable  to 
newly  manufactured  gas  turbine  en¬ 
gines. 

Action 

With  due  consideration  of  the  fore¬ 
going,  it  has  been  determined  that  the 
effective  date  for  all  gaseous  emissions 
standards  scheduled  to  be  implement¬ 
ed  on  January  1,  1979,  should,  as  an 
interim  measure,  be  postponed  by  2 
years  to  January  1,  1981,  so  as  to 
permit  the  continued  manufacture  of 
aircraft  gas  turbine  engines  during  the 
period  between  January  1,  1979,  and 
the  compliance  date  specified  in  the 
final  amended  standards.  This  action 
will  allow  reasonable  time  for  comple¬ 
tion  of  all  activities  discussed  above 
and  will  facilitate  the  establishment  of 
final  revised  standards  based  on  the 
best  obtainable  information  in  the 


areas  of  emissions  control  technology, 
costs  of  applying  such  technology,  and 
air  quality  impact  of  commercial  air¬ 
craft  operations.  The  Agency  finds,  for 
the  reasons  outlined  above,  that  notice 
and  public  procedure  thereon  are  im¬ 
practical.  unnecessary,  and  contrary  to 
the  public  interest. 

This  rulemaking  action  does  not  con¬ 
stitute  a  regulation  which  will  result 
in  major  economic  impact.  According¬ 
ly,  the  Environmental  Protection 
Agency  has  determined  that  this  docu¬ 
ment  does  not  contain  a  major  propos¬ 
al  or  a  substantial  revision  requiring 
preparation  of  an  economic  impact 
analysis  under  Executive  Orders  11821 
and  11949,  OMB  Circular  A-107,  or 
section  317  of  the  Clean  Air  Act. 

Dated:  March  10, 1978. 

Douglas  M.  Costle, 
Administrator. 

Part  87,  Chapter  I,  Title  40  of  the 
Code  of  Federal  Regulations,  is 
amended  as  follows; 

1.  Section  87.21(d)  is  revised  to  read 
as  follows; 

§  87.21  Standards  for  exhaust  emi.ssions. 

•  •  •  0  • 

(d)  Exhaust  emissions  from  each  air¬ 
craft  gas  turbine  engine  of  the  classes 
specified  below  manufactured  on  or 
after  January  1,  1981,  shall  not 

exceed: 

2.  Section  87.51(a)  is  revised  to  read 
as  follows: 

§  87.51  Standards  for  exhaust  emissions 
(new  aircraft). 

(a)  Exhaust  emissions  resulting  from 
the  generation  of  onboard  power  from 
each  new  aircraft  manufactured  on  or 
after  January  1,  1981,  shall  not 

exceed: 

0  0  0  •  0 

3.  Section  87.52  is  revised  to  read  as 
follows; 

§  87.52  Standards  for  exhaust  emissions 
(in  use  aircraft). 

Exhaust  emissions  from  each  in-use 
aircraft  manufactured  after  January 
1,  1981,  resulting  from  generation  of 
onboard  power  shall  not  exceed  the 
level  of  the  emission  standards  appli¬ 
cable  to  such  aircraft  when  it  was  new. 

(Secs.  231,  301  of  the  Clean  Air  Act.  as 
amended  (42  U.S.C.  7571,  7601,  formerly  42 
U.S.C.  1857f-9.  1857g).) 

[FR  Doc.  78-7599  Filed  3-23-78;  8:45  am] 
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[6560-01] 

ENVIRONMENTAL  PROTECTION 
AGENCY 

[40  CFR  Port  87] 

(FRL  845-4;  Docket  No.  OMSAPC— 78-  11 

CONTROL  OF  AIR  POLLUTION  FROM 
AIRCRAFT  AND  AIRCRAFT  ENGINES 

Proposed  Amendments  to  Standards 

AGENCY:  Environmental  I*rotection 
Agency. 

ACTION:  Proposed  rule. 

SUMMARY:  In  1973  EPA  promulgat¬ 
ed  gaseous  emission  regulations  for 
several  classes  of  newly  manufactured 
and  newly  certified  aircraft  engines 
(40  CFR  Part  87).  EPA  also  proposed 
standards  for  large  in-use  gas  turbine 
engines;  this  standard  has  not  yet 
been  promulgated.  This  notice  pro¬ 
poses  changes  to  the  existing  rules  and 
supersedes  the  earlier  proposal.  The 
most  significant  proposed  changes  to 
the  existing  standards  are:  The  addi¬ 
tion  of  the  classification  category 
"commercial  aircraft  engines”;  the  re¬ 
vocation  of  emission  standards  for 
general  aviation  engines;  modifications 
to  the  levels  of  the  emission  standards; 
and  extensions  to  the  effective  dates 
for  the  standards.  This  proposal  dif¬ 
fers  from  the  earlier  proposal  (38  FR 
19050  July  17,  1973)  requiring  the  re¬ 
trofit  of  in-use  engines  in  that  it  ex¬ 
tends  the  applicabiiity  to  all  commer¬ 
cial  aircraft  engines  of  12,000  pounds 
thrust  or  greater  in  place  of  the  previ¬ 
ously  proposed  applicability  of  29,000 
pounds  thrust  or  greater,  deletes  the 
requirement  for  retrofit  of  oxides  of 
nitrogen  (NOx)  control  technology  (al¬ 
though  this  requirement  may  be  rein¬ 
stituted  in  the  future),  and  extends 
the  proposed  effective  date  for  the 
standards.  In  addition  of  the  classifica¬ 
tion  category  "commercial  aircraft  en¬ 
gines”  facilitates  an  emission  control 
strategy  which  requires  control  of 
only  those  aircraft  engines  which  have 
been  determined  to  be  the  major  cause 
of  air  pollution  at  high  activity  major 
air  terminals.  The  proposed  changes 
to  the  gaseous  emission  standards  will 
require  only  engines  of  6,000  pounds 
thrust  (or  equivalent  power)  or  great¬ 
er,  used  in  commercial  applications,  to 
comply  with  gaseous  emission  stan¬ 
dards.  This  action  will  withdraw  emis¬ 
sion  control  requirements  from  piston 
engines,  small  turboprop  and  small 
(6,000  pounds  thnist)  turbojet  and  tur¬ 
bofan  engines,  and  auxiliary  power 
units  (APUs).  These  engines,  with  the 
exception  of  the  APUs,  are  used  on 
aircraft  that  operate  mainly  from  gen¬ 
eral  aviation  airports.  General  aviation 
aircraft  contribute  significantly  to  air 
pollution  at  those  airports,  but  the 


total  contribution  of  general  aviation 
airports,  but  the  total  contribution  of 
general  aviation  airports  to  pollution 
of  the  surroimding  region  is  small. 
The  cost  per  ton  of  emissions  abated 
from  general  aviation  aircraft  is  sub¬ 
stantially  higher  than  the  cost  per  ton 
from  commercial  aircraft  or  from 
other  classes  or  sources  of  air  pollu¬ 
tion  currently  subject  to  control. 
These  factors,  coupled  with  the  limit¬ 
ed  resources  available  to  the  Environ¬ 
mental  Protection  Agency  for  the 
achievement  of  national  compliance 
with  ambient  air  quality  standards, 
cause  an  expenditure  of  EPA  resources 
directed  toward  endeavoring  to  impose 
emission  controls  on  general  aviation 
aircraft,  not  to  have  high  enough  pri¬ 
ority  to  merit  their  further  pursuit  at 
this  time. 

DATE:  All  relevant  material  received 
on  or  before  July  24,  1978,  will  be  con¬ 
sidered.  An  economic  impact  assess¬ 
ment  will  be  made  available  during  the 
comment  period.  If  necesary,  the  com¬ 
ment  period  will  be  extended  to  allow 
the  public  at  least  60  days  for  com¬ 
ment  on  the  economic  assessment. 
Final  regulations,  modified  as  the  Ad¬ 
ministrator  deems  appropriate  after 
consideration  of  comments,  will  be 
promulgated  as  soon  as  practicable 
after  such  consideration. 

ADDRESS:  Interested  persons  may 
participate  in  this  rulemaking  by  sub¬ 
mitting  written  comments  to  the  Ad¬ 
ministrator,  Environmental  Protection 
Agency,  Attention:  Office  of  Mobile 
Source  Air  Pollution  Control  (AW- 
455),  401  M  Street  SW.,  Washington, 
D.C.  20460.  Ten  copies  are  requested 
but  not  required. 

FOR  FURTHER  INFORMATION 
CONTACT: 

George  Kittredge,  Senior  Technical 

Advisor,  Office  of  Mobile  Source  Air 

Pollution  Control,  Environmental 

Protection  Agency,  Waterside  Mall, 

Washington,  D.C.  20460,  202-426- 

2464. 

SUPPLEMENTARY  INFORMATION: 
The  APU  standards  are  being  with¬ 
drawn  for  several  reasons.  These  are: 
(1)  No  NOx  control  technology  has 
been  develor  id  in  spite  of  extensive 
good  faith  efforts;  (2)  only  minimal 
CO  control  is  obtainable,  yet  signifi¬ 
cant  costs  would  be  incurred  by  both 
industry  and  the  government;  and  (3) 
the  HC  emissions  are  already  below 
the  standard  in  the  uncontrolled 
engine. 

The  newly  manufactured  engine 
standards  for  hydrocarbon  (HC)  and 
carbon  monoxide  (CO)  remain  at  the 
current  levels  for  engines  of  20,000 
pounds  thrust  and  above.  For  commer¬ 
cial  aircraft  engines  with  rated  thrust 
between  6,000  pounds  and  20,000 
poimds,  a  continuous  transition  of  the 
standards  with  thrust  is  proposed  to 


better  account  for  the  technology  limi¬ 
tations  of  existing  engines  in  this 
thrust  range.  This  results  in  a  slight 
relaxation  of  the  standards.  The  im¬ 
plementation  date  of  these  standards 
is  proposed  to  be  delayed  from  Janu¬ 
ary  1, 1979  to  January  1, 1981. 

It  is  proposed  that  the  NOx  stan¬ 
dards  be  changed  from  an  EPA  Param¬ 
eter  (EPAP)  of  3.0  to  4.0,  with  the  im¬ 
plementation  date  delayed  three  years 
after  the  effective  date  for  the  HC  and 
CO  standards  to  January  1,  1984.  It  is 
fiuther  proposed  that  a  rated  com¬ 
pressor  pressure  ratio  adjustment  be 
applied  to  NOx  emission  measurement 
vaues  for  newly  manufactured  engines 
with  pressure  ratios  greater  than  25. 
This  adjustment  factor  is  proposed  for 
the  newly  manufactured  en^e  stan¬ 
dards  since  existing  engines  have  sig¬ 
nificantly  different  pressure  ratios, 
and  pressure  ratio  significantly  affects 
NOx  emission  levels.  An  adjustment 
factor  is  therefore  necessary  to  insiu'e 
that  the  best  available  technology  is 
used  on  all  existing  engines.  A  stan¬ 
dard  which  could  be  met  by  the  exist¬ 
ing  higher  pressime  ratio  engines 
would  require  only  minimal  reductions 
(or  none  at  all)  from  the  lower  pres¬ 
sure  ratio  engines. 

In  addition,  the  justification  for  im¬ 
position  of  NOx  standards  on  newly 
manufactured  aircraft  engines  will  be 
reexamined  after  EPA  has  developed 
the  necessary  supporting  information 
for  responding  to  the  August  1977 
Clean  Air  Act  Amendments  relating  to 
promulgation  of  a  short  term  NO2  am¬ 
bient  air  quality  standard.  The  EPA 
will  take  no  action  towards  final  pro¬ 
mulgation  of  an  NOx  emissions  stan¬ 
dard  for  newly  manufactured  aircraft 
gas  turbine  engines  until  completing 
the  necessary  actions  relating  to  the 
short  term  NOi  standard  and  until  a 
joint  FAA/EPA  air  quality  study  is 
completed  and  considered.  Completion 
of  the  joint  FAA/EPA  study  is  expect¬ 
ed  in  the  siunmer  of  1979. 

Existing  rules  for  smoke  and  fuel 
venting  standards  will  remain  in  effect 
as  promulgated,  except  for  a  proposed 
modification  in  the  T3  compUance 
schedule.  The  proposed  modification 
will  change  the  present  full  T3  engine 
fleet  compliance  date  from  January  1. 
1981  to  a  phased  program  with  full 
compliance  by  January  1,  1985.  The 
revised  compliance  schedule  is  identi¬ 
cal  to  the  noise  retrofit  schedule  speci¬ 
fied  in  14  CFR  Part  91,  Subpart  E— 
Operating  Noise  Limits.  The  purpose 
of  the  extension  is  to  avoid  requiring 
the  airlines  to  implement  double  retro¬ 
fit  programs  or  to  retrofit  aircraft  that 
are  scheduled  to  be  phased  out  of  ser¬ 
vice. 

The  present  levels  of  the  HC  and  CO 
emission  standards  for  newly  certified 
engines  are  considered  feasible  and  re¬ 
quire  no  change  with  respect  to  this 
proposed  action.  Based  on  technologi- 
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cal  considerations  it  is  proposed  that 
the  newly  certified  engine  NOx  stan¬ 
dards  be  relaxed  to  the  same  level  as 
that  for  newly  manufactured  engines, 
but  without  a  pressure  ratio  adjust¬ 
ment.  The  effective  date  of  the  newly 
certified  engine  standards  is  proposed 
to  be  delayed  from  January  1,  1981  to 
January  1, 1984. 

These  proposed  changes  to  the  air¬ 
craft  standards  result  from  the  con¬ 
tinuing  technology  assessment  which 
has  been  imdertaken  since  the  pro¬ 
mulgation  of  the  standards  on  July  17. 
1973. 

This  proposed  action  would  also 
extend  the  applicability  of  the  pro¬ 
posed  standards  to  certain  in-use  air¬ 
craft  engines.  The  proposal  of  July  17, 
1973  (38  FR  19050)  applied  only  to  T2 
class  engines  of  29.()0()  pounds  rated 
thrust  or  greater.  The  current  propos¬ 
al  extends  the  applicability  to  include 
all  commercial  engines  of  12,000 
pounds  thrust  or  greater,  and  all  com¬ 
mercial  T4  engines.  This  results  from 
a  determination  that  the  technology 
developed  for  HC  and  CO  compliance 
with  the  newly  manufactured  engines 
is  readily  adaptable  to  in-use  engines 
within  a  four  year  period,  and  the  fact 
that  engines  in  the  12,000  to  29,000 
pound  rate  thrust  category  represent  a 
substantial  portion  of  the  in-use  fleet. 
It  has  also  been  determined  that  the 
NOx  technology  that  has  thus  far 
evolved  is  not  readily  adaptable  for  re¬ 
trofit  and,  therefore,  no  requirement 
for  retrofit  of  oxides  of  nitrogen  con¬ 
trol  technology  is  being  proposed.  EIPA 
will  monitor  the  further  development 
and  refinement  of  the  emerging  NOx 
control  technology,  and  if  in  the 
future  it  appears  this  technology  is 
reasonably  capable  of  being  retrofitted 
additional  rulemaking  will  be  consid¬ 
ered.  The  applicability  date  is  de¬ 
signed  to  correspond  to  the  two  year 
delay  proposed  for  the  newly  manu¬ 
facture  engine  standards.  The  pro¬ 
posed  effective  date  for  in-use  engines 
thus  is  January  1, 1985. 

In  addition  to  the  major  proposed 
amendments  summarized  above,  this 
action  proposes  that  the  units  of  mea¬ 
surement  be  converted  to  the  Interna¬ 
tional  System  of  Units,  that  a  clarifi¬ 
cation  of  the  idle  power  setting  be 
adopted  and  that  a  minor  modification 
to  the  EPA  parameter  be  incorporated 
into  the  regulations. 


J.F.K.  Aircraft  Emissions 
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The  proposed  actions  will  greatly 
simplify  the  current  aircraft  regula¬ 
tions  and  will;  (1)  Eliminate  expendi¬ 
ture  of  private  funds  and  government 
resoiu*ces,  at  this  time,  for  controlling 
aircraft  engines  that  contribute  rela¬ 
tively  little  to  air  pollution  problems; 
and  (2)  provide  early  cost-effective  re¬ 
duction  of  emissions  from  the  existing 
aircraft  fleet.  The  air  quality  effect  of 
each  of  the  changes  compared  to  the 
present  standards  is  summarized 
below; 

Change  Effect  at  major  airport* 

A.  Elimination  of  Essentially  none, 

standards  applicable  to 

aeneral  aviation 
engines  and  APU's. 

B.  Change  In  the  level  of  HC:  No  significant 

the  standards.  effect. 

CO:  0  to  2  pet  increase. 

NOx:  Up  to  30  to  36  pet 
increase  (plus  control 
delayed  5  yr). 

C.  Control  of  in-use  HC,  CO:  50  pet  decrease 

engines  in  commercial  at  maximum, 
aircraft  only.  NOx;  0  to  5  pet  decrease. 

While  these  proposed  amendments 
in  several  cases  represent  a  deletion  of 
existing  regulations  and  in  other  cases 
result  in  the  relaxation  of  the  levels  of 
the  standards  and/or  the  implementa¬ 
tion  dates,  the  net  result  of  this  regu¬ 
latory  action  will  be  to  improve  the  ef¬ 
fectiveness  of  the  aircraft  regulations 
for  HC  and  CO  control  at  the  major 
commercial  airports  (aircraft  air  pollu¬ 
tion  problem  areas),  and  to  recognize 
that  the  full  degree  of  NOx  control 
called  for  in  the  existing  standards  is 
not  technically  achievable  in  the  fore¬ 
seeable  future.  The  effectiveness  of 
the  existing  standards  as  compared  to 
the  proposed  standards  is  summarized 
of  Figure  1.  The  improved  effective¬ 
ness  of  HC  and  CO  control  is  due  ex¬ 
clusively  to  the  proposed  in-use  engine 
retrofit  standards. 

Because  of  certain  unresolved  ques¬ 
tions  relating  to  the  impact  of  NOx 
emissions  from  aircraft  on  public 
health,  the  EPA  intends  to  participate 
with  the  Federal  Aviation  Administra¬ 
tion  in  carrying  out  an  updated  study 
of  the  impact  on  urban  air  quality  of 
commercial  aircraft  operations  from 
large  metropolitan  airports,  while  this 
proposal  is  out  for  public  comment.  It 
is  expected  that  this  study  will  be 
completed  by  mid-1979.  Accordingly, 
promulgation  of  the  revised  NOx  stan¬ 
dards  will  be  delayed  until  completion 
of  this  study,  to  allow  consideration  of 
the  updated  air  quality  information. 

Review  of  Earlier  Actions 

Section  231  of  the  Clean  Air  Act  dir¬ 
ects  the  Administrator  of  the  Environ¬ 
mental  Protection  Agency  to  establish 
“standards  applicable  to  emission  of 
any  air  pollutant  from  any  class  or 
classes  of  aircraft  or  aircraft  engines 
which  in  his  Judgment  cause  or  con¬ 
tribute  to  or  are  likely  to  cause  or  con¬ 
tribute  to  air  pollution  which  endan¬ 
gers  the  public  health  or  welfare.” 


Such  standards  were  promulgated  for 
new  and  certain  in-use  subsonic  air¬ 
craft  engines  on  July  17,  1973  (38  PR 
19088)  and  appear  in  40  CFR  part  87. 

In  the  preamble  to  these  standards 
it  was  stated  that,  “EPA  intends  to 
monitor  closely  the  development  of 
this  technology  through  programs 
sponsored  both  by  other  Federal  agen¬ 
cies  and  by  industry.  If  it  should 
become  evident  that  the  standards  as 
promulgated  cannot  be  achieved  by 
the  technology  approaches  explored  in 
these  programs,  additional  rulemaking 
action  wil  be  considered  to  ensure  that 
the  best  technology  available  is  re¬ 
flected  in  the  standards." 

Standards  limiting  emissions  from 
in-use  subsonic  aircraft  turbine  en¬ 
gines  rated  at  greater  than  29,000 
pounds  of  thrust  were  proposed  on 
July  17,  1973  (38  FR  19050).  On  Sep¬ 
tember  10,  1974,  EPA  annovmced  that 
the  comment  period  for  these  pro¬ 
posed  standards  would  remain  open 
until  more  information  had  become 
available  bearing  on  the  technology 
for  controlling  emissions  to  the  pro¬ 
posed  levels  (39  FR  32631). 

On  November  7,  1975  the  Environ¬ 
mental  Protection  Agency  published  a 
Notice  of  Public  Hearing  (40  PR 
52082)  to  obtain  comments  from  inter¬ 
ested  parties  on  the  proposed  emission 
standards  for  in-use  aircraft  (38  Fr 
19050).  In  addition  the  hearings  were 
opened  to  the  subject  of  the  status  of 
the  development  of  technology  neces¬ 
sary  for  compliance  with  certain  emis¬ 
sion  standards  applicable  to  new  air 
craft  turbine  engines  (40  CFR  part 
87).  The  comments  on  the  status  of 
technology  developments  along  with 
subsequent  submittals  of  supplemen¬ 
tal  data  were  analyzed  and  reported  in 
the  EPA  report  “Aircraft  Technology 
Assessment— Status  of  the  Gas  Tur¬ 
bine  Program,”  December  1976,  which 
forms  part  of  the  basis  for  this  pro¬ 
posed  rulemaking.  (Copies  of  this 
report  and  all  reports  subsequently 
cited  in  reference  are  available  for  in¬ 
spection  in  the  EPA  Public  Informa¬ 
tion  Reference  Unit.) 

Environmental  Impact  of  Aircraft 
Emissions 

Prior  to  promulgating  the  present 
aircraft  standards  (40  C7FR  part  87)  an 
air  quality  analysis  was  performed 
which  concluded  that  “airports  and 
aircraft  are  now,  or  are  projected  to 
be,  significant  sources  of  emissions  of 
carbon  monoxide,  hydrocarbons,  and 
nitrogen  oxides  in  some  of  the  air 
quality  control  regions  in  which  the 
national  ambient  air  quality  standards 
are  being  violated,  as  well  as  being  sig¬ 
nificant  sources  of  smoke;  and  there¬ 
fore  that  attainment  and  maintenance 
of  the  national  ambient  air  quality 
standards  and  reduced  impact  of 
smoke  emissions  requires  that  aircraft 
and  aircraft  engines  be  subject  to  a 


program  of  control  compatible  with 
their  significance  as  polution  sources. 
Accordingly,  the  Administrator  has  de¬ 
termined  that  emissions  from  aircraft 
and  aircraft  engines  should  be  reduced 
to  the  extent  practicable  with  present 
and  prospective  technology  (“Aircraft 
Emissions;  Impact  on  Air  Quality  and 
Feasibility  of  Control”,  EPA  1972). 

Recent  studies  have  concluded  that 
the  air  quality  impact  at  major  air  ter¬ 
minals  is  much  more  significant  than 
that  at  the  smaller,  general  aviation 
airports  and  further,  that  the  major 
aircraft  contributors  at  the  major  air 
terminals  are  the  commercial  aircraft 
and  not  general  aviation  aircraft  (“Air¬ 
craft  Emissions  at  Selected  Airports 
1972-1985”,  EPA  AC  77-01,  January 
1977,  and  “An  Assessment  of  the  Po¬ 
tential  Air  Quality  Impact  of  General 
Aviation  Aircraft  Emissions”,  Bruce  C. 
Jordan.  EPA,  June  6, 1977). 

For  large  general  aviation  airports 
where  general  aviation  traffic  is  a  sig¬ 
nificant  fraction  of  the  total,  it  was 
found  that  CO  approaches  the  ambi¬ 
ent  air  quality  standard  only  at  the 
runway  where  people  are  exposed  for 
only  brief  periods  and  therefore 
cannot  be  construed  to  be  a  problem. 
HC  and  NOx  emissions  were  found  to 
be  less  than  100  tons  per  year  at  any 
general  aviation  airport.  Therefore,  it 
is  clear  that  emissions  from  general 
aviation  airports  do  not  provide  strong 
justification  for  a  program  of  Federal 
standards  applicable  to  general  avi¬ 
ation  aircraft. 

On  the  other  hand,  emissions  from 
major  air  terminals  dominated  by 
commercial  traffic  continue  to  appear 
sufficient  in  magnitude  to  justify  Fed¬ 
eral  standards  applicable  to  commer¬ 
cial  aircraft.  At  major  terminals,  the 
annual  emissions  due  to  aircraft  alone 
are  of  the  order  of  thousands  of  tons 
per  year  for  each  gaseous  pollutant, 
while  in  comparison,  a  stationary 
source  is  defined  as  major  imder  new 
section  302(j)  of  the  CHean  Air  Act  if  it 
emits  100  tons  per  year  or  more  of  any 
pollutant.  (42  17.S.C.  7602(j),  as  added 
by  section  301(a),  Pub.  L.  95-95,  91 
Stat.  769-770). 

However,  the  air  quality  justification 
for  control  of  airport  NOx  emissions 
has  been  questioned.  (“Potential 
Impact  of  NOx  Emissions  from  Com¬ 
mercial  Aircraft  on  N02  Air  Quality,” 
Bruce  C.  Jordan,  EPA,  November  15, 
1977).  Therefore,  a  study  has  been 
planned  which  will  incorporate  the  up- 
to-date  aircraft  emissions  estimates  re¬ 
ferenced  above,  the  most  recent  mete¬ 
orological  information,  and  the  most 
advanced  available  mathematical  mod¬ 
elling  techniques  for  prediction  of  am¬ 
bient  air  concentrations  of  pollutants 
in  the  airport  environment.  This  study 
will  be  carried  out  jointly  by  the  EPA 
and  the  Federal  Aviation  Administra¬ 
tion  and  is  expected  to  be  completed 
in  1979. 
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Accordingly.  promulgation  of 
amended  NOx  standards  based  on  this 
proposal  will  be  deferred  until  comple¬ 
tion  of  the  FAA-EPA  study  so  that 
such  action  can  be  based  on  the  best 
and  most  current  technical  data  bear¬ 
ing  on  the  impact  of  aircraft  oper¬ 
ations  on  urban  ambient  air  quality. 
Although  the  EPA  expects  to  promul¬ 
gate  revised  HC  and  CO  standards  in 

1978,  to  avoid  production  lead-time 
problems  that  could  result  from  unan¬ 
ticipated  delay,  an  announcement  of  a 
2  year  deferral  in  the  implementation 
date  for  emissions  standards  having  an 
implementation  date  of  January  1, 

1979,  is  being  published  concurrently 
with  this  propo^. 

It  should  be  pointed  out  that,  not¬ 
withstanding  the  annoimced  delay  in 
final  promulgation  of  these  proposed 
standards,  it  is  expected  at  this  time 
that  the  standards  will  be  promulgat¬ 
ed  at  Che  emissions  levels  and  on  the 
schedules  which  are  proposed  herein. 
It  is  recommended  that  all  parties  af¬ 
fected  by  these  proposed  standards 
make  their  individual  plans  on  this  as¬ 
sumption. 

Cost  Impact 

On  the  basis  of  the  information 
available  at  this  time  from  aircraft  in¬ 
dustry  sources,  the  EPA  Office  of 
Mobile  Source  Air  Pollution  control 
(OMSAPC)  estimated  average  costs  of 
these  proposed  standards  to  be; 


Increase 

Rule 

Cost 

in  price 

per 

per  engine 

engine 

(percent) 

1981  NME^ . 

$90,000 

6 

1984  NME . 

i  10,000 

10 

198S  retrofit  with  1981  NME... 

44,000 

7 

*Newly  manufactured  engines. 


implementation  by  the  Agency  at  this 
time.  The  NOx  value  is  higher  than 
costs  associated  with  other  NOx  strat¬ 
egies  being  implemented  (and  may  be 
even  higher  as  more  information  on 
maintenance  costs  is  obtained),  but 
until  a  more  comprehensive  analysis 
can  be  performed  based  on  more  de¬ 
tailed  comprehensive  cost  estimates, 
relative  cost  effectiveness  alone 
cannot  be  a  basis  for  rejecting  aircraft 
NOx  control.  The  basis  for  these  costs 
are  outlined  in  EPA  Report  SDSB 
TSR  AC  77-02  “Cost-Effectiveness 
Analysis  of  the  Proposed  Revisions  in 
the  Exhaust  Emission  Standards  for 
New  and  In-Use  Gas  Turbine  Engines 
Based  on  Industry  Cost  Estimates." 

Returning  to  general  aviation  air¬ 
craft.  although  the  total  HC  emissions 
at  the  most  active  general  aviation  air¬ 
ports  approach  the  level  generally 
considered  to  describe  a  major  source 
(100  tons  HC  per  year),  control  would 
•not  be  as  cost  effective  as  other  mobile 
source  HC  control  strategies.  The  cost 
of  HC  control  from  general  aviation 
aircraft  Is  estimated  at  $2,000  per  ton 
of  HC  as  compared  to  $500-$I,400  to 
achieve  the  .41  g/mile  light-duty  vehi¬ 
cle  HC  standard.  (If  the  total  national 
costs  were  assigned  to  the  HC  reduc- 
'  tion  achieved  in  specific  air  quality  re¬ 
gions  having  long  term  oxidant  prob¬ 
lems,  the  cost  effectiveness  values 
would  be  far  higher). 

The  cost  data  from  which  the  fore¬ 
going  cost  effectiveness  figures  were 
derived  are  limited  and  were  based 
solely  on  information  obtained  from 
the  affected  industry.  Information  is 
hereby  requested  on  the  detailed  costs 
to  comply  with  the  proposed  regula¬ 
tions,  including  all  the  assumptions 
and  methodology  used  in  the  analysis, 
for  engine  manufacturers,  aircraft 
manufacturers,  and  air  carriers. 


These  costs  are  considered  by 
OMSAPC  to  represent  an  upper  limit, 
and  the  actual  costs  may  be  lower. 
This  translates  into  the  following  cost 
effectiveness  (cost  of  control  required 
per  ton  of  pollutant  eliminated) 
values: 


In  dollars  per  ton 

Rule 

HC 

CO  NOx 

1981  NME . 

560 

5190 

1984  NME . 

560 

220  ••1,316 

1985  retrofit  with 
1981  NME 

390 

170  . 

••Excluding  probable  maintenance  penalty  of  im- 
determined  size. 


The  cost  of  control  for  the  newly 
certified  engine  standards  is  expected 
to  be  lower  due  to  a  broader  distribu¬ 
tion  of  development  costs.  These  costs 
and  cost  effectiveness  values  for  HC 
and  CO  are  in  the  same  range  as  those 
of  other  pollution  control  strategies 
being  implemented  or  considered  for 


Major  Decision  Issues 

Should  the  Emissions  Standards  Ap¬ 
plicable  to  General  Aviation  Aircraft 
.be  Retained?  The  preceding  discus¬ 
sions  of  air  quality  impact  and  cost 
efectiveness  of  control,  in  view  of  the 
fact  that  resources  available  to  the 
EPA  for  the  pursuit  of  achievement  of 
the  national  air  quality  standards  are 
substantially  limited,  suggest  that  fur¬ 
ther  EPA  efforts  to  impose  emission 
controls  on  general  aviation  aircraft 
engines  do  not  rank  sufficiently  high 
in  priority  to  merit  their  being  pur¬ 
sued  at  this  time. 

Emissions  impact  studies  at  airports 
have  shown  that  the  most  significant 
contribution  to  airport  pollution  is  due 
to  commercial  turbine  powered  air¬ 
craft.  At  the  major  air  terminals  this 
contribution  ranged  from  80  to  99  per¬ 
cent  of  the  total  aircraft  pollution 
burden.  However,  at  smaller  airports 
where  non-commercial  aircraft  are 
floam,  the  total  pollutants  produced 
are  not  sufficient  to  justify  the  costs 


required  to  reduce  them.  Therefore,  it 
was  concluded  that  the  most  cost  ef¬ 
fective  control  strategy  for  aircraft 
would  be  to  control  only  those  aircraft 
engines  which  cause  the  most  signifi¬ 
cant  pollution  load,  namely  commer¬ 
cial  aircraft  engines. 

Are  the  Levels  of  the  Present  Stan¬ 
dards  Applicable  to  Commercial  Air¬ 
craft  Appropriate?  In  determining  ap¬ 
propriate  levels  for  standards,  consid¬ 
eration  was  given  to  air  quality  needs, 
technical  feasibility,  and  comparative 
cost  effectiveness. 

The  EPA  technology  assessment  of 
newly  manufactured  engines  conclud¬ 
ed  that  the  T2  class  HC  and  CO  stan¬ 
dards  were  technically  feasible  for  en¬ 
gines  with  rated  thrust  above  20,000 
pounds.  The  smaller  T2  engines  and 
some  TI  engines  are  subject  to  certain 
technological  constraints  requiring 
standards  that  are  available  with 
engine  size,  the  smallest  engines  tend¬ 
ing  to  have  the  highest  emission  rates. 
After  consideration  of  the  limited 
overall  air  quality  impact  of  such  en¬ 
gines,  it  was  determined  that  control 
of  engines  less  than  6,000  pounds 
rated  thrust  was  not  justifiable  at  this 
time. 

The  control  of  NOx  is  more  complex 
and  more  extensive  development  is  re¬ 
quired.  The  technology  developed 
under  NASA  sponsorship  which  is  con¬ 
sidered  reasonable  to  implement  will 
not  achieve  the  current  levels  and  a 
relaxation  of  the  newly  manufactured 
engine  NOx  levels  by  30  percent  is  nec¬ 
essary. 

The  question  arose  whether  it  is  cost 
effective  and  necessary  to  control  NOx 
emissions  from  the  small  to  medium 
sized  newly  manufactured  commercial 
engines  (i.e.,  less  than  20,000  pounds 
of  thrust).  The  most  important  factor 
in  considering  this  question  is  the  air 
pollution  contribution  of  the  JT8D 
engine  (T4  class).  Initially,  it  was 
thought  that  the  JT8D  family  would 
cease  production  in  the  near  future  to 
be  replaced  by  a  newer,  larger  engine 
(over  20,000  pounds  of  thrust).  This 
would  have  made  the  NOx  contribu¬ 
tion  from  this  group  relatively  less  im¬ 
portant  and  certainly  much  less  cost 
effective.  Strong  concerns  have  been 
expressed  to  EPA  by  the  manufactur¬ 
er  of  the  JT8D  engine  (Pratt  and 
Wliitney)  and  by  one  of  their  custom¬ 
ers  (Douglas  Aircraft)  that  publication 
of  a  proposal  for  NOx  standards  appli¬ 
cable  to  growth  versions  of  the  JT8D 
engine  rated  at  above  20,000  poimds 
thrust  might  deter  potential  airline 
customers  from  ordering  an  advanced 
version  of  the  Douglas  DC9  aircraft 
which  has  recently  been  annoimced. 
These  companies  have  stated  that 
they  believe  the  airlines  would  instead 
order  competitive  aircraft  powered  by 
the  current,  below  20,000  pounds 
thrust,  version  of  the  JT8D  eng^e. 

Recent  information  from  Pratt  and 
Whitney;  however,  forecasts  a  consid- 
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erable  future  market  for  new  versions 
of  the  JT8D  of  less  than  20.000  pounds 
of  thrust  as  well  as  of  growth  versions 
of  greater  than  20,000  pounds  of 
thrust.  This  suggests  two  alternative 
actions  that  may  be  appropriate,  the 
first  to  control  NOx  from  the  small  to 
medium  sized  newly  manufactured  en¬ 
gines  (principally  the  JT8D),  and 
second,  to  abandon  NOx  control  of  the 
T4  class  altogether  (regardless  of 
thrust). 

EPA  has  elected  to  control  NOx  for 
all  commercial  engines  over  6,000 
pounds  thrust  principally  because  of 
the  need  for  control  of  the  JT8D 
engine  as  reflected  in  Its  market  fore¬ 
cast.  Also,  consideration  was  given  to 
the  need  for  equity  between  compet¬ 
ing  engines  (in  the  context  of  growth 
versions  of  the  JT8D)  and  to  the  ex¬ 
pected  availability  of  effective  NOx 
control  technology  for  the  JT8D  and 
other  small  to  mid-sized  engines.  New 
engines  recently  announced  by  other 
manufacturers,  such  as  the  Rolls 
Royce  RB.  432,  would  also  be  included 
in  this  action. 

It  may  be  argued  that  the  less  fuel 
efficient  older  design  engines  such  as 
the  JT8D  have  not  yet  been  demon¬ 
strated  to  be  capable  of  meeting  NOx 
standards  as  low  as  have  been  demon¬ 
strated  with  the  more  efficient 
modem  engines.  While  it  is  true  that 
NASA  sponsored  research  on  the 
JT8D  en^ne  did  succeed  in  achieving 
substantial  reductions,  the  levels  were 
not  low  enough  to  comply  with  the 
proposed  standards.  On  the  other 
hand,  research  on  NOx  control  for  the 
JT8D  combustor  was  terminated  at  a 
relatively  early  stage  and  it  is  not 
known  whether  continued  efforts  to 
reduce  NOx  emissions  might  not  have 
achieved  greater  success  if  the  re¬ 
search  had  been  continued  through 
the  engine  demonstration  stage,  as 
was  the  case  for  the  two  engines 
whose  demonstrated  performance  pro¬ 
vides  the  technological  basis  for  the 
NOx  standard  proposed  herein.  Com¬ 
ments  are  specifically  invited  on  the 
achievability  of  this  standard  for  the 
JT8D  and  for  all  other  affected  en¬ 
gines  for  which  NOx  control  technol¬ 
ogy  has  not  yet  been  demonstrated. 

The  Agency  recognizes  that  the 
issue  of  requiring  control  of  NOx  from 
newly  manufactured  engines,  regard¬ 
less  of  their  size,  remains  controversial 
and  may  not  currently  be  amenable  to 
resolution  on  the  basis  of  available 
data.  This  factor  arises  because  the 
currently  promulgated  ambient  air 
quality  standard  for  N02  is  expressed 
in  terms  of  an  annual  average  of  100 
micrograms  per  cubic  meter;  In  those 
terms,  the  contribution  of  aircraft  to 
degradation  of  ambient  air  quality 
may  no  be  large.  However,  the  1977 
amendments  to  the  CHean  Air  Act  have 
directed  the  Agency  to  promulgate  by 
August  of  1978  and  ambient  air  qual¬ 


ity  standard  for  N02  over  a  period  of 
not  more  than  three  hours,  unless  it  is 
determined  that  such  a  standard  is  not 
needed  to  protect  public  health  (Sec¬ 
tion  109(C)  as  amended).  Quite  clearly, 
the  potential  for  aircraft  NOx  emis¬ 
sions  to  contribute  significantly  to  vio¬ 
lation  of  such  a  short-term  N02  ambi¬ 
ent  air  quality  standard  is  substantial¬ 
ly  higher  than  is  the  estimated  contri¬ 
bution  of  aircraft  to  violation  of  the 
current  annual  standard.  Thus  the 
probability  is  high  that  in  terms  of  the 
anticipated  short-term  NO  2  standard 
the  need  for  control  of  NOx  emissions 
from  aircraft  will  be  substantially 
greater  than  such  need  may  be  in 
terms  of  the  annual  standard.  For  that 
reason,  in  anticipation  of  a  short-term 
N02  standard,  the  Agency  is  propose- 
ing  the  imposition  of  the  foregoing 
NOx  standards.  The  Agency  is  specifi¬ 
cally  soliciting  public  comment  on  the 
anticipated  impact  on  the  violation  of 
short-term  ambient  air  quality  stan¬ 
dards  that  would  be  expressed  in 
terms  of  a  one  hour  standard  with 
values  ranging  from  100  micrograms  to 
500  micrograms  per  cubic  meter.  The 
above  ranges  do  not  reflect  a  decision 
on  the  part  of  the  Agency  to  set  the 
short  term  N02  standard  at  either  ex¬ 
treme,  but  rather  represent  the  range 
within  which  it  at  this  time  appears 
likely  that  the  ultimate  short-term 
NO  2  standard  may  be  established.  The 
Agency  also  solicits  comment  on  the 
technical  feasibility  and  cost-effective¬ 
ness  of  controlling  aircraft  emissions 
to  the  proposed  emission  levels,  and  on 
the  cost-effectiveness  of  such  emission 
standards  in  terms  of  the  overall  con¬ 
tribution  of  aircraft  to  localized  viola¬ 
tions  of  an  anticipated  short  term  N02 
ambient  air  quality  standard. 

The  Agency  intends  to  defer,  until 
after  promulgation  of  trie  short-term 
ambient  N02  standard  in  August  1978 
and  after  completion  of  the  joint 
EPA/PAA  airport  air  quality  analysis 
discussed  earlier,  promulgation  of  the 
NOx  standard  based  on  this  proposal. 

Are  the  Present  Compliance  Dates 
for  the  Standards  Appropriate?  The 
manufacturers  have  claimed  that  in¬ 
sufficient  lead  time  exists  to  introduce 
emission  controls  into  production  en¬ 
gines  by  the  current  January  1,  1979 
compliance  date.  The  majority  of  the 
commenters  claimed  that  an  addition¬ 
al  three  years  would  be  required;  that 
is.  implementation  on  January  1.  1982. 
Analysis  of  the  submitted  information 
revealed  that  the  industry  has  taken  a 
highly  conservative  position  with  re¬ 
spect  to  time  allotted  for  certain  devel¬ 
opmental  elements,  particularly  ser¬ 
vice  evaluation,  especially  when  com¬ 
pared  with  past  programs.  It  is  the 
EPA’s  position  that  this  schedule  is 
unnecessarily  long  and  implementa¬ 
tion  of  initial  emission  controls  need 
not  be  delayed  beyond  January  1,  1981 
for  newly  manufactured  engines.  The 


NOx  controls  require  significantly 
more  complex  hardware  changes  and 
are  not  as  well  developed  as  the  HC 
and  CO  control  systems.  Therefore, 
the  NOx  system  will  take  an  addition¬ 
al  three  years  resulting  in  .implemen¬ 
tation  on  January  1, 1984. 

There  has  been  little  additional  in¬ 
formation  or  criticism  submitted  to 
EPA  on  lead  time  requirements  for 
newly  certified  engines  since  publica¬ 
tion  of  those  standards.  In  view  of  the 
availability  of  adequate  NOx  control 
in  1984  and  in  consideration  of  the 
span  of  time  between  this  date  and  the 
date  of  initial  HC  and  CO  control,  an 
implementation  date  of  January  1, 
1984  for  newly  certified  engines  is  pro¬ 
posed. 

Should  Special  Provisions  be  Made 
for  Low  Production  or  Old  Engines? 
The  Agency  received  numerous  com¬ 
ments  that  engines  which  are  nearly 
the  end  of  their  production  life  would 
be  terminated  prematurely  because 
there  would  be  insufficient  future 
sales  to  justify  incorporating  emission 
controls.  As  well,  there  exist  old 
engine  models  which  would  continue 
to  be  produced  in  small  numbers  well 
beyond  the  implementation  date  of 
the  standards;  however,  technology 
does  not  exist  for  these  engines  to 
reduce  emissions  sufficiently.  Since  all 
engines  in  this  situation  are  produced 
for  general  aviation  applications,  the 
proposed  rulemaking,  which  would 
impose  no  standards  for  these  engines, 
will  resolve  this  problem. 

Is  the  Proposed  In-Use  Aircraft 
Engine  Retrofit  Program  Appropriate? 
Comments  on  the  proposed  in-use 
engine  standards  generally  fall  into 
two  categories.  First,  the  standards 
should  be  set  at  levels  which  can  be 
achieved  with  relatively  non-complex 
hardward  changes  and,  second,  ade¬ 
quate  time  should  be  allowed  for  im¬ 
plementation  of  the  retrofit  of  aircraft 
engines.  The  technology  assessment 
study  revealed  that  the  control  sys¬ 
tems  developed  for  compliance  of  large 
engines  (greater  than  29,000  povmd 
thrust)  to  the  newly  manufactured 
engine  HC  and  CO  standards  could  be 
installed  in  in-use  engines.  Additional¬ 
ly.  it  was  determined  that  the  HC  and 
CO  control  system  for  the  JT8D 
engine  could  also  be  retrofitted  with¬ 
out  significant  problems.  Since  the 
JT8D  engine  is  used  extensively  in  the 
U.S.  commercial  aircraft  fleet  any  rea¬ 
sonable  reductions  which  can  be 
achieved  from  this  engine  would  have 
a  significant  improvement  on  air  qual¬ 
ity  in  the  near  term.  For  example,  the 
originally  proposed  in-use  standard 
provided  a  CO  reduction  of  37  percent 
at  JFK  airport  in  1985;  retrofitting  the 
JT8D  engines  increases  the  reduction 
to  50  percent.  Thus  the  newly  manu¬ 
factured  engine  HC  and  CO  standards 
are  considered  appropriate  for  existing 
in-use  engines.  Since  no  NOx  control 
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scheme  has  yet  been  developed  which 
can  be  readily  retrofitted  other  than 
the  costly  water  injection  system,  it 
was  determined  that  a  NOx  retrofit 
standard  for  existing  in-use  aircraft 
engines  is  inappropriate  at  this  time. 

It  was  generally  agreed  among  the 
commenters  that  a  period  of  four 
years  will  be  required  to  incorporate 
the  necessary  changes  in  the  commer¬ 
cial  aircraft  fleet.  Therefore  project¬ 
ing  that  the  control  systems  will  be 
available  for  application  in  1981,  the 
compliance  date  for  in-use  aircraft  en¬ 
gines  is  proposed  for  January  1,  1985. 

Has  a  Margin  for  Variability  Been 
Included  in  Setting  the  Standards? 
Engine-to-engine  variations,  test-to- 
test  variations  and  exhaust  measiire- 
ment  uncertainties  make  it  likely  that 
the  measured  emissions  performance 
of  each  aircraft  gas  turbine  engine  will 
be  different.  Manufacturers  have 
stated  that  allowances  should  be  pro¬ 
vided  for  such  variation  in  setting  the 
standards.  When  the  standards  were 
originally  established,  technology  had 
not  been  demonstrated  which  would 
achieve  the  required  level  of  control. 
Subsequent  technical  evaluation  of 
the  feasibility  of  achieving  the  stated 
levels  with  the  technology  which  has 
developed  resulted  in  a  determination 
that  the  levels  could  be  achieved  and 
that  sufficient  margin  exisU,  to  allow 
for  normal  variability.  Thus,  the  stan¬ 
dards  are  to  be  considered  upper  limits 
with  respect  to  compliance  testing  and 
manufacturers  must  set  their  design 
goals  sufficiently  below  the  standards 
to  account  for  variability. 

How  Should  the  Idle  Power  Setting 
he  Specified?  Comments  stated  that 
the  present  definition  of  the  idle 
power  set  point  for  compliance  testing 
was  ambiguous  and  inequitable  and 
should  be  replaced  with  a  clearer  defi¬ 
nition  such  as  a  fixed  power  level. 

The  compliance  test  procedure  re¬ 
quires  that  emissions  be  measured  at 
four  power  points,  including  idle.  The 
procedure  allows  the  manufaturer  to 
specify  the  idle  power  setting  while 
the  remaining  power  points  are  set  at 
prescribed  levels.  The  intent  behind 
this  approach  is  to  simulate  the  emis¬ 
sions  produced  by  an  engine  in  actual 
use.  EPA  has  concluded  that  no  single 
value  will  truly  represent  satisfactorily 
the  in-use  idle  point  of  all  engines  and 
that  the  total  cycle  HC  and  CO  emis¬ 
sions  are  highly  dependent  on  the  idle 
power  setting  selected.  Therefore,  to 
yield  emission  measurements  represen¬ 
tative  of  what  can  be  expected  from  a 
given  engine  when  operated  at  an  air¬ 
port  it  is  necessary  that  the  test  idle 
point  be  set  at  the  value  used  in  the 
field. 

Therefore,  the  “manufacturer’s  rec¬ 
ommended  idle”  definition  is  expand¬ 
ed  to  explicitly  state  that  the  engine 
be  tested  at  the  minimum  idle  set 
point  for  each  particular  engine  with 


simulation  permitted  of  minimum  ac¬ 
cessory  influences  experienced  by  the 
engine  when  operated  in  the  idle 
mode.  This  approach  is  equitable  and 
eliminates  much  of  the  ambiguity 
problem.  In  addition,  the  enforcement 
of  the  in-use  engine  standards  is  sim¬ 
plified  in  that  it  is  clear  that  engines 
must  be  operated  at  or  above  the  certi¬ 
fied  idle  level  to  insure  compliance 
with  the  HC  and  CO  standards. 

Is  the  Parameter  Presently  Used  for 
Specifying  the  Emission  Standards  Ap¬ 
propriate?  The  EPA  has  received  com¬ 
ments  that  the  controlling  parameter 
(i.e.,  the  dimensions  of  the  standards) 
is  not  appropriate  in  that  it  incorpo¬ 
rates  factors  outside  the  control  of  the 
combustor  design  engineer.  These 
commenters  suggest  the  use  of  the 
emission  index  (El)  is  more  appropri¬ 
ate.  The  El  describes  the  pollution 
produced  relative  to  the  amount  of 
fuel  burned.  As  such,  standards  based 
on  the  El  would  control  only  the  com¬ 
bustor  design  with  the  total  engine 
pollution  dependent  upon  the  fuel  ef¬ 
ficiency  of  the  engine.  For  engines  of 
equal  power  the  one  with  the  greatest 
fuel  consximption  would  be  allowed  to 
produce  the  greatest  pollution.  The 
EPA  parameter  (EPAP),  conversely, 
describes  the  total  pollution  produced 
relative  to  the  useful  work  performed. 
The  EPA  parameter  is  considered 
equitable  and  best  represents  the 
engine  pollution  when  operated  at  an 
airport.  Therefore,  its  continued  use  is 
proposed. 

However,  in  order  to  simplify  the  pa¬ 
rameter  for  easier  use  in  air  quality 
analysis  and  for  other  technical  rea¬ 
sons  which  make  it  more  appropriate, 
the  EPA  technical  staff  has  recom¬ 
mended  the  use  of  the  rated  thrust, 
rather  than  the  total  impulse,  as  the 
normalizing  useful  work  factor.  This 
change  is  being  proposed  and  has  es¬ 
sentially  no  impact  on  the  stringency 
of  the  standards. 

Should  NOx  Limits  Be  Corrected  for 
Engine  Pressure  Ratio?  An  adjustment 
to  the  NOx  standard  was  requested  in 
the  comments  to  accoimt  for  the  un¬ 
avoidable  NOx  penalties  which  arise 
from  differences  in  the  cycle  pressure 
ratios  between  different  engine 
models.  The  issue  is  different  for  exist¬ 
ing  designs  and  for  future  designs.  For 
future  designs,  it  is  claimed  that  a  fail¬ 
ure  to  account  for  the  adverse  pres¬ 
sure  effect  on  NOx  will  lead  to  a  deg¬ 
radation  in  fuel  economy  because  the 
designer  will  be  forced  to  select  a  pres¬ 
sure  level  for  the  engine  which  is  less 
than  that  which  is  most  desirable 
from  a  fuel  economy  point  of  view.  On 
the  other  hand,  the  development  of 
ultra  low  NOx  combustors  combined 
with  the  fuel  economy  improvements 
may  compensate  for  the  tendency  to¬ 
wards  higher  NOx  arising  from  the 
higher  pressure  ratio.  Thus,  it  appears 
premature  to  conclude  that  a  pressure 


correction  is  necessary  for  NOx  emis¬ 
sions  to  avoid  compromising  fuel  econ¬ 
omy  in  future  engine  designs.  EPA  has 
further  concluded  that  it  is  better  to 
promulgate  equitable  standards  at  an 
early  point  so  that  the  selection  and 
design  of  a  new  type  of  engine  can  be 
influenced  by  the  emissions  standards 
as  a  basic  constraint,  along  with  the 
other  performance  requirements 
which  the  engine  must  meet.  The  exis¬ 
tence  of  the  NOx  standard  as  formu¬ 
lated  is  expected  to  influence  the 
trend  in  eng^e  design,  but  it  will  not 
dictate  it.  The  EPA  recognizes  that  in 
so  dynamic  a  field  as  aircraft  engine 
development  it  will  be  necessary,  from 
time  to  time,  to  review  existing  emis¬ 
sion  standards  for  the  purpose  of  de¬ 
termining  their  impact  on  the  feasibil¬ 
ity  of  utilizing  technology  that  may 
not  have  been  available  when  the  stan¬ 
dards  were  formulated.  As  a  result  of 
the  current  NASA  work,  or  other 
future  developments,  technology  may 
become  available  that  for  fuel  con¬ 
sumption  or  other  performance  fac¬ 
tors  is  clearly  superior  but  that  cannot 
meet  promulgated  emission  standards. 
In  that  case  all  of  the  relevant  issues 
will  be  reconsidered  by  EPA  in  the 
context  of  all  technical  and  environ¬ 
mental  data  then  available,  and  a  deci¬ 
sion  made  by  the  Administrator  that  is 
appropriate  on  the  basis  of  the  new  in¬ 
formation. 

Considering  next  the  problem  of  ex¬ 
isting  engine  designs,  a  review  of  the 
progress  of  advanced  technology  com¬ 
bustors  for  reduced  oxides  of  nitrogen 
reveals  a  wide  range  of  emissions  per¬ 
formance  between  competing  engines 
which  is  attributable  directly  to  differ¬ 
ences  in  the  cycle  pressure  ratio.  The 
selection  of  the  NOx  standard  should 
be  based  upon  the  performance  of  this 
advanced  technology,  but  if  the  stan¬ 
dard  is  selected  high  in  order  to  ac¬ 
commodate  the  performance  of  the 
high  pressure  ratio  engines,  then  the 
lower  pressure  ratio  engines  may 
comply  without  application  of  any  ad¬ 
vanced  NOx  technology,  whereas  if 
the  standard  is  selected  low  reflecting 
the  potential  of  the  lower  pressure 
ratio  engines,  then  many  of  the  higher 
pressure  ratio  engines  will  fail  even 
utilizing  the  best  demonstrated  com¬ 
bustor  technology. 

A  standard  which  permits  higher 
emissions  for  high  pressure  ratio  en¬ 
gines  will  force  all  existing  engines  to 
apply  the  best  advanced  technology 
that  has  been  identified  in  order  to 
achieve  the  required  emissions  levels 
and  yet  will  not  unduly  penalize  those 
engines  which  obtain  high  efficiency 
through  high  pressure  ratios. 

Are  the  Compliance  Test  Fuel  Speci¬ 
fications  Properly  Defined?  It  has 
been  brought  to  EPA’s  attention  that 
the  test  fuel  as  now  specified  may 
change  from  time  to  time  under  the 
pressure  of  rising  fuel  costs  and,  in  the 
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future,  synthetically  derived  atltema- 
tive  fuels.  It  is  known  that  combustion 
pollutant  levels  in  an  engine  are  relat¬ 
ed  to  fuel  properties  and  composition. 
This  may  cause  difficulties  with  the 
continuous  compliance  requirement 
and  with  the  establishment  of  technol¬ 
ogy  capable  of  achieving  the  standards 
with  fuels  significantly  different  from 
those  used  to  develop  the  technology. 
Comments  on  this  matter  are  request¬ 
ed. 

Should  the  EPA  Limit  the  Applicabil¬ 
ity  of  the  Standards  to  U.S.  Aircraft 
Only  and  Look  to  ICAO  to  Control  In¬ 
ternational  Aircraft?  Consistent  with 
the  stated  policy  for  SST  aircraft  (41 
FR  34723,  August  16,  1976)  EPA  in¬ 
tends  to  cooperate  fully  with  the 
ICAO  in  the  development  of  interna¬ 
tional  standards  for  control  of  emis¬ 
sions  from  all  classes  of  aircraft.  Nev¬ 
ertheless,  in  order  to  fulfill  EPA’s  re¬ 
sponsibility  under  the  Clean  Air  Act,  it 
is  necessary  to  minimize  emissions 
from  aircraft  of  both  United  States 
and  foreign  registry.  Moreover,  to 
exempt  foreign  aircraft  would  be 
unfair  to  domestic  air  carriers.  There¬ 
fore,  these  standards  will  apply  to  air¬ 
craft  of  foreign  registry  until  such 
time  as  the  ICAO  has  promulgated 
regulations  of  at  least  equivalent  strin¬ 
gency.  At  that  time  consideration  can 
be  given  to  applicability  of  ICAO  stan¬ 
dards  to  aircraft  of  foreign  registry 
while  the  EPA  standards  would  con¬ 
tinue  to  apply  to  aircraft  of  United 
States  registry. 

Section  231  of  the  Act  provides  that 
the  Administrator  shall  hold  a  public 
hearing  with  respect  to  proposed  air¬ 
craft  emission  standards,  a  notice  of 
time,  date,  and  place  for  the  hearing 
will  be  published  in  the  Federal  Reg¬ 
ister  in  the  near  future.  This  hearing 
is  intended  to  provide  an  opportunity 
for  interested  persons  to  state  their 
views  or  arguments,  or  provide  infor¬ 
mation  relative  to  the  proposed 
amendments  to  the  standards. 

In  addition,  interested  parties  may 
participate  in  this  rulemaking  by  sub¬ 
mitting  written  comments  to  the  EPA 
at  the  address  given  above.  All  rel¬ 
evant  material  received  during  the 
comment  period  will  be  considered. 

It  is  EPA’s  intention  to  assure  all  in¬ 
terested  parties  an  opportunity  to 
study  all  information  which  may 
become  the  basis  for  EPA’s  final 
action  in  this  proceeding.  Accordingly, 
the  Agency  will  not  consider  in  this  ru¬ 
lemaking  any  material  which  cannot 
be  made  available  to  the  public.  Par¬ 
ties  who  wish  to  submit  information  in 
response  to  this  Notice  of  Proposed 
Rulemaking  are  cautioned  that  EPA 
will  not  consider,  but  will  return  to  the 
commentor  any  comments  which  are 
claimed,  in  whole  or  in  part,  to  be  con¬ 
fidential. 

In  accordance  with  provisions  of  sec¬ 
tion  307  of  the  Clean  Air  Act,  a  copy 


of  all  data,  information,  and  docu¬ 
ments  on  which  this  proposal  relies, 
all  public  comments,  the  transcript  of 
public  hearings,  and  certain  other  doc¬ 
uments  will  be  available  for  inspection 
and  copying  between  8  a.m.  and  4:30 
p.m.,  Monday  through  Friday  at  the 
EPA  Public  Information  Reference 
Unit,  Room  2922  (EPA  Library),  401  M 
Street  SW.,  Washington,  D.C.  20460 
(Docket  No.  OMSAPC— 78-1).  As  pro¬ 
vided  in  40  CFR  Part  2,  a  reasonable 
fee  may  be  charged  for  copying  ser¬ 
vices. 

The  EPA  believes  that  the  costs  of 
these  proposed  amendments  will  be 
substantially  less  than  the  costs  of  the 
present  standards.  Consequently,  the 
resulting  new  economic  impact  on  the 
regulated  industry  is  expected  to  be 
less  than  the  impact  of  the  regulations 
already  promulgated.  It  may  be  that 
this  document  constitutes  a  regulation 
that  will  not  result  in  major  economic 
impacts.  Economic  Impact  Assess¬ 
ments  under  Executive  Orders  11821 
and  11949  and  luider  OMB  Circular  A- 
107  are  required  for  “major”  regula¬ 
tions  and  under  section  317  of  the 
Clean  Air  are  required  for  aircraft 
emission  standards  and  substantial  re¬ 
visions  of  such  standards.  Because  the 
industry  has  itself  indicated  a  desire 
for  EPA  to  avoid  further  uncertainty 
by  promptly  publishing  this  proposal, 
EPA  is  publishing  this  proposal  before 
completion  of  the  economic  impact  as¬ 
sessment.  This  economic  assessment 
will  be  completed  in  two  steps.  First, 
an  assessment  that  does  not  include 
the  effect  of  NOx  control  on  the  JT8D 
engine  will  be  available  in  the  very 
near  future. 

A  second  economic  assessment,  ana¬ 
lyzing  the  effect  of  NOx  control  on 
the  JT8D  engine,  will  subsequently  be 
completed.  Upon  completion,  each  as¬ 
sessment  will  be  included  in  the  public 
docket  for  this  rulemaking.  EPA  will 
then  publish  a  supplement  to  this 
Notice  of  Proposed  Rulemaking,  an¬ 
nouncing  the  completion  and  availabil¬ 
ity  of  the  assessment,  evaluating  the 
extent  to  which  this  proposal  is  sup¬ 
ported  by  the  assessment,  and  revising 
this  proposal  if  required  by  the  analy¬ 
sis  in  the  assessment.  The  supplement 
will  explain  the  extent  to  and  manner 
in  which  the  Administrator  has  con¬ 
sidered  the  analysis  contained  in  the 
assessment.  The  comment  period  will 
continue  for  at  least  60  days  after  pub¬ 
lication  of  the  supplement.  A  revised 
economic  impact  assessment  will  also 
be  placed  in  the  docket  concurrently 
with  final  promulgation  of  these 
amendments. 

Dated:  March  10, 1978. 

Douglas  M.  Costle, 
Administrator. 

In  Title  40  of  the  Code  of  Federal 
Regulations  it  is  proposed  to  revise 
Part  87  to  read  as  follows: 


Subpart  A — General  Provisiens 

87.1  Definitions. 

87.2  Abbreviations. 

87.3  General  requirements. 

87.4  Test  conditions. 

87.5  Special  test  procedures. 

87.6  Aircraft  Safety. 

Subpart  B — Engine  Fuel  Venting  EmiMioni 
(New  and  In-Use  Aircraft  Gas  Turbine  En¬ 
gines) 

87.10  Applicability. 

87.11  Standard  for  fuel  venting  emissions. 

Subpart  C — Exhaust  Emissions  (New  Aircraft 
Gas  Turbine  Engines) 

87.20  Applicability. 

87.21  Standards  for  exhaust  emissions. 

Subpart  D — Exhaust  Emissions  (In-Use  Aircraft 
Gas  Turbine  Engines) 

87.30  Applicability. 

87.31  Standards  for  exhaust  emissions. 

Subpart  E  [Reserved] 

Subpart  F  [Reserved] 

Subpart  G — Test  Piocodures  for  Engine  Exhaust 
Gaseous  Emissions  (Aircraft  and  Aircraft 
Gas  Turbine  Engines) 

87.60  Introduction. 

87.61  Turbine  fuel  specifications. 

87.62  Test  procedure  (propulsion  engines). 

87.63  [Reserved] 

87.64  -Sampling  and  analytical  system  for 
measuring  exhaust  emissions. 

87.65  Information  to  be  recorded. 

87.66  Calibration  and  instrument  checks. 

87.67  Sampling  procedures. 

87.68  Test  run. 

87.69  Chart  reading. 

87.70  Calculations. 

87.71  Compliance  with  emission  standards. 

Subpart  H — Tost  Procaduros  for  Engine  Smoko 
Emissions  (Aircraft  Gas  Turbina  Engines) 

87.80  Introduction. 

87.81  P^lel  specifications. 

87.82  Sampling  and  analytical  system  for 
measuring  smoke  exhaust  emissions. 

87.83  Information  to  be  recorded. 

87.84  Calibration  and  instrument  checks. 

87.85  Test  procedures. 

87.86  Test  run. 

87.87  Determination  of  SN. 

87.88  Calculations. 

87.89  Compliance  with  emission  standards. 

Subpart  I  [Reserved] 

Subpart  J— Temporary  Exemption  From  Aircraft 
Emission  Standards  (Fuel  Venting  and  Smoke) 

87.101  Application  for  temporary  exemp¬ 
tion. 

87.102  30-day  suspension  of  fuel  venting 
and  smoke  standards. 

Appendix  A.— Instrumentation  (Aircraft 
Oas  Turbine  Engine  Measurebients). 

Appendix  B  [Reserved] 

Authority:  Secs.  231,  301,  Clean  Air  Act, 
as  amended  (42  U.S.C.  7571,  7601,  formerly 
42  U.S.C.  1857f-9, 1857g). 
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Subpart  A — General  Provisions 

§  87.1  Deflnitions. 

(a)  As  used  in  this  part,  all  terms  not 
defined  herein  shall  have  meaning 
given  them  in  the  Act: 

“Act”  means  the  Clean  Air  Act,  as 
amended  (42  U.S.C.  7401  et  seq.) 

“Administrator”  means  the  Adminis¬ 
trator  of  the  Environmental  Protec¬ 
tion  Agency  and  any  other  officer  or 
employee  of  the  Environmental  Pro¬ 
tection  Agency  to  whom  the  authority 
involved  may  be  delegated. 

“Aircraft”  means  any  airplane  for 
which  a  U.S.  standard  airworthiness 
certificate  or  equivalent  foreign  air¬ 
worthiness  certificate  is  issued. 

“Aircraft  engine”  means  a  -propul¬ 
sion  engine  which  is  installed  in  or 
which  is  manufactured  for  installation 
in  an  aircraft. 

“Aircraft  gas  turbine  engine”  means 
a  turboprop,  turbofan,  or  turbojet  air¬ 
craft  engine. 

“Calibration  gas”  means  a  gas  of 
known  concentration  which  is  used  to 
establish  the  response  curve  of  an  ana¬ 
lyzer. 

“Class  P2”  means  all  aircraft  tiu-bo- 
prop  engines. 

“Class  Tl”  means  all  aircraft  turbo¬ 
fan  or  turbojet  engines  except  engines 
of  C!lass  T5  of  rated  power  less  than 
35,600  newtons  thrust. 

“Class  T2”  means  all  turbofan  or 
turbojet  aircraft  engines  except  en¬ 
gines  of  Class  T3,  T4.  and  T5  of  rated 
power  of  35,600  newtons  thrust  or 
greater. 

“CHass  T3”  means  all  aircraft  gas 
turbine  engines  of  the  JT3D  model 
family. 

“Class  T4”  means  all  aircraft  gas 
turbine  engines  of  the  JT8D  model 
family. 

“Class  T5”  means  all  aircraft  gas 
turbine  engines  employed  for  propul¬ 
sion  of  aircraft  designed  to  operate  at 
supersonic  flight  speeds. 

“Commercial  aircraft  engine”  means 
any  aircraft  engine  used  by  an  air  car¬ 
rier.  foreign  air  carrier,  supplemental 
air  carrier,  or  charter  air  carrier  en¬ 
gaging  in;  (1)  Interstate  or  overseas  air 
transportation.  (2)  foreign  air  trans¬ 
portation,  or  (3)  intrastate  air  trans¬ 
portation  with  large  aircraft. 

“Commercial  aircraft  gas  turbine 
engine”  means  a  turboprop,  turbofan, 
or  turbojet  commercial  aircraft 
engine. 

“Emission  measurement  system” 
means  all  of  the  equipment  necessary 
to  transport  and  measure  the  level  of 
emissions.  This  includes  the  sample 
system  and  the  instnunentation 
system. 

“Engine  pressure  ratio  (EPR)” 
means  the  ratio  of  the  mean  total 
pressure  at  the  turbine  exit  plane  to 
the  mean  total  pressiu-e  at  the  fan/low 
pressime  compressor  entrance  plant. 

“Exhaust  emissions”  means  sub¬ 
stances  emitted  to  the  atmosphere 


from  the  exhaust  discharge  nozzle  of 
an  aircraft  or  aircraft  engine. 

“Fuel  venting  emissions”  means  all 
raw  fuel,  exclusive  of  hydrocarbons  in 
the  exhaust  emissions,  discharged 
from  aircraft  gas  turbine  engines 
during  all  normal  ground  and  flight 
operations. 

“Instnunentation  system”  means 
the  system  which  consists  of  the  ana¬ 
lytical  instruments  necessary  to  mea¬ 
sure  the  level  of  emissions  plus  any  re¬ 
quired  support  equipment. 

“In-use  aircraft  gas  timbine  engine” 
means  an  aircraft  gas  turbine  engine 
which  is  in  service. 

“New  aircraft  turbine  engine”  means 
an  aircraft  gas  turbine  engine  which 
has  never  been  in  service 

“Newly  certified  aircraft  gas  turbine 
engine”  means  an  aircraft  gas  turbine 
engine  which  is  originally  t5T>e-certi- 
fied  on  or  after  the  effective  date  of 
the  applicable  emission  standard. 

“Oxides  of  nitrogen”  means  the  sum 
of  the  amounts  of  the  nitric  oxide  and 
nitrogen  dioxide  contained  in  a  gas 
sample  as  if  the  nitric  oxide  were  in 
the  form  of  nitrogen  dioxide. 

“Power  setting”  means  the  power  or 
thrust  output  of  an  engine  in  terms  of 
newtons  thrust  for  turbojet  and  turbo¬ 
fan  engines  and  shaft  power  in  terms 
of  kilowatts  for  txirboprop  engines. 

“Rated  compressor  discharge  tem¬ 
perature  (rT3)”  means  the  combustor 
inlet  total  temperatiuw  achieved  by  an 
engine  operating  at  rated  output. 

“Rated  output  (rO)”  means  the 
maximum  power/thrust  available  for 
takeoff  at  standard  day  conditions  as 
approved  for  the  engine  by  the  Feder¬ 
al  Aviation  Administration. 

“Rated  pressure  ratio  (rPR)”  means 
the  ratio  between  the  combustor  inlet 
pressure  and  the  engine  inlet  pressure 
achieved  by  an  engine  operating  at 
rated  output. 

“Reference  day  conditions”  means 
the  reference-  ambient  conditions  to 
which  the  gaseous  emissions  (HC,  CO, 
COx,  NOx  and  smoke)  are  to  be  cor¬ 
rected.  The  reference  day  conditions 
are  as  follows:  Temperature =15*  C, 
specific  humidity =0.00629  kilograms 
of  water  per  kilogram  of  dry  air,  and 
pressure =101325  Pa. 

“Sample  system”  means  the  system 
which  provides  for  the  transportation 
of  the  gaseous  emission  sample  from 
the  sample  probe  to  the  inlet  of  the  in¬ 
strumentation  system. 

“Shaft  power”  means  only  the  mea¬ 
sured  shaft  power  output  of  a  turbo¬ 
prop  engine. 

“Smoke”  means  the  matter  in  ex¬ 
haust  emissions  which  obscures  the 
transmission  of  light. 

“Smoke  niunber  (SN)"  means  the  di¬ 
mensionless  term  quantifying  smoke 
emissions. 

“Span  gas”  means  a  gas  of  known 
concentration  which  is  used  routinely 
to  set  the  output  level  of  an  analyzer. 


“Standard  day  conditions”  means 
standard  ambient  conditions  as  de¬ 
scribed  in  the  United  States  Standard 
Atmosphere,  1962,  (l.e.,  tempera¬ 

ture  =15*  C,  specific  humidity =0.00  Kg 
HiO/Kg  dry  air,  and  pressure= 101325 
Pa). 

“Taxi/idle  (in)”  means  those  aircraft 
operations  involving  taxi  and  idle  be¬ 
tween  the  time  of  landing  roll  out  and 
final  shutdown  of  all  propulsion  en¬ 
gines. 

“Taxi/idle  (out)”  means  those  air¬ 
craft  operations  involving  taxi  and  idle 
between  the  time  of  initial  starting  of 
the  propulsion  englne(s)  used  for  the 
taxi  and  turn  onto  duty  nmway. 

§  87.2  Abbreviations. 

The  abbreviations  used  in  this  part 
have  the  following  meanings  in  both 
upper  and  lower  case: 

abs.  Absolute. 

ASA  American  Standards  Association. 

ASTM  American  Society  for  Testing  and  Ma¬ 

terials. 

C.  Celsius. 

cc.  Cubic  centimetre. 

CO,  Carbon  dioxide. 

CO  Carbon  monoxide. 

EPR  Engine  pressure  ratio. 

FAA  Federal  Aviation  Administration,  De¬ 

partment  of  Transportation. 

Fro  Flame  ionization  detector. 

H  Specific  humidity,  kilograms  of  water 

per  kilogram  of  dry  air. 

H/C  Hydr^en  to  carbon  atomic  ratio. 

HC  Hydrocarbon(s). 

Hg  Mercury, 

hr.  Hour(s). 

LD.  Inside  diameter. 

J  Joule. 

K  Kelvin. 

LTO  Landing  takeoff. 

min.  Minuteis). 

mm.  ^  Miilimetreis). 

mm.  HgV.  Milllmetreis)  of  mercury,  vacuum. 

N  Newton(s). 

Ni  First-stage  rotor  speed. 

N,  Second-stage  rotor  si>eed  or  nitrogen 

(as  applicable). 

Na  Third-stage  rotor  speed. 

NO  Nitric  oxide. 

NO,  Nitrogen  dioxide. 

NOx  Oxides  of  nitrogen,  NO  and  NO,. 

NDIR  Nondisperslve  Infrared  analyzer. 

Oa  Oxygen. 

Oa  Ozone. 

P  Pressure. 

Pa  Pascal(s). 

'  p.p.m.  Parts  per  million  by  volume. 

p.p.m.C  Parts  per  million  carbon. 

PT,  Total  pressure  at  station  7. 

rO  Rated  output. 

rPR  Rated  pressure  raUo. 

r.p.m.  Revolutions  i>er  minute. 

rT,  Rated  compressor  discharge  tempera¬ 

ture. 

sec.  Second(s). 

SP  Shaft  power. 

SN  Smoke  number. 

T  Temperature,  degrees  Kelvin. 

TIM  Time  in  mode. 

TT,  Total  temperature  at  staUon  7. 

W  WatMs). 

*  Degree. 

%  Percent. 


§  87.3  General  requirements. 

(a)  This  part  provides  for  the  ap< 
proval  or  acceptance  by  the  Adminis¬ 
trator  or  his  agents  of  testing  and 
sampling  methods,  analytical  tech¬ 
niques,  and  related  equipment  not 
identicial  to  those  specified  in  this 
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part.  Before  he  approves  or  accepts 
any  such  alternate,  equivalent,  or  oth¬ 
erwise  nonidentical  procedures  or 
equipment,  the  Administrator  shall 
consult  with  the  Secretary  of  Trans¬ 
portation  in  determining  whether  or 
not  the  action  requires  rulemaking 
under  sections  231  and  232  of  the 
Clean  Air  Act,  as  amended,  consistent 
with  the  Secretary’s  responsibilities 
under  section  232  of  the  Act.  (42 
U.S.C.  7571,  7572) 

(b)  Under  section  232  of  the  Act,  the 
Secretary  of  Transportation  issues 
regulations  to  insure  compliance  with 
this  part  and  all  amendments  thereof. 

(c)  With  respect  to  aircraft  of  for¬ 
eign  registry,  these  regulations  shall 
apply  in  a  manner  consistent  with  any 
obligation  assumed  by  the  United 
States  in  any  treaty,  convention  or 
agreement  between  the  United  States 
and  any  foreign  country  or  foreign 
countries. 

§  87.4  Test  conditions. 

The  complete  engine  as  configured 
for  final  acceptance  testing,  including 
all  accessories  which  might  reasonably 
be  expected  to  influence  emissions  to 
the  atmosphere  including  auxiliary 
gearbox-mounted  components  re¬ 
quired  to  drive  aircraft  systems  and 
service  air  bleed,  shall  be  functional 
for  all  testing  in  this  part. 

§  87.5  Special  test  procedures. 

The  administrator  may,  upon  writ¬ 
ten  application  by  a  manufacturer  or 
operator  of  aircraft  or  aircraft  en¬ 
gines,  prescribe  test  procedures  for 
any  aircraft  or  aircraft  engine  that  is 
not  susceptible  to  satisfactory  testing 
by  the  procedures  set  forth  herein. 
Prior  to  taking  action  on  any  such  ap¬ 
plication,  the  Administrator  shall  con¬ 
sult  with  the  Secretary  of  Transporta¬ 
tion. 

§  87.6  Aircraft  safety. 

The  provisions  of  this  part  will  be  re¬ 
vised  if  at  any  time  the  Secretary  of 
Transportation  determines  that  an 
emission  standard  cannot  be  met 
within  the  specified  time  without  cre¬ 
ating  a  safety  hazard. 

Subpart  B — Engine  Fuel  Venting  Emit- 

tions  (New  and  In-Use  Aircraft 

Gas  Turbine  Engines) 

§  87.10  Applicability. 

The  provisions  of  this  subpart  are 
applicable  to  each  new  aircraft  gas 
turbine  engine  of  classes  T2,  T3,  T4, 
and  T5  manufactured  on  or  alter  Jan¬ 
uary  1.  1974,  and  all  in-use  aircraft  gas 
turbine  engines  of  classes  T2,  T3,  T4, 
and  T5  beginning  January  1,  1974,  and 
each  new  aircraft  gas  turbine  engine 
of  Classes  T1  and  P2  manufactured  on 
or  after  January  1,  1975  and  all  in-use 
aircraft  gas  turbine  gengines  of 


Classes  T1  and  P2  beginning  January 
1, 1975. 

§87.11  Standard  for  fuel  venting  emis¬ 
sions. 

(a)  No  fuel  venting  emissions  shall 
be  discharged  into  the  atmosphere 
from  any  new  or  in-use  gas  turbine 
engine  subject  to  the  subpart.  This 
paragraph  is  directed  at  the  elimina¬ 
tion  of  intentional  discharge  to  the  at¬ 
mosphere  of  fuel  drained  from  fuel 
nozzle  manifolds  after  engines  are 
shut  down  and  does  not  apply  to 
normal  fuel  sewage  from  shaft  seals, 
joints,  and  fittings. 

(b)  Conformity  with  the  standard  set 
forth  in  paragraph  (a)  of  this  section 
shall  be  determined  by  inspection  of 
the  method  designed  to  eliminate 
these  emissions. 


Subpart  C — Exhaust  Emissions  (New 
Aircraft  Gas  Turbine  Engines) 

§  87.20  Applicability. 

The  provisions  of  this  subpart  are 
applicable  to  all  aircraft  gas  turbine 
engines  of  the  classes  specified  begin¬ 
ning  on  the  dates  specified. 

§  87.21  Standards  for  exhaust  emissions. 

(a)  Exhaust  emissions  of  smoke  from 
each  new  aircraft  gas  turbine  engine 
of  class  T4  manufactured  on  or  after 
January  1.  1974,  shall  not  exceed: 
Smoke  number  of  30. 

(b)  Exhaust  emissions  of  smoke  from 
each  new  aircraft  gas  turbine  engine 
of  class  T2  and  of  rated  output  of 
129,000  newtons  thrust  or  greater, 
manufactured  on  or  after  January  1, 
1976  shall  not  exceed:  SN=79  (rO)"® 
(rO  is  in  kilonewtons). 

(c)  Exhaust  emission  of  smoke  from 
each  new  aircraft  gas  turbine  engine 
of  class  T3  manufactured  on  or  after 
January  1,  1978  shall  not  exceed: 
Smoke  number  of  25. 

(d)  Exhaust  emissions  from  each 
commercial  aircraft  gas  turbine  engine 
of  the  classes  and  rated  output  ranges 
specified  below  manufactured  on  or 
after  the  dates  indicated  shall  not 
exceed: 

(1)  Classes  Tl,  T2,  T3,  T4  engines 
equal  to  or  greater  than  27,000  new¬ 
tons  rated  output  but  less  than  90,000 
newtons  rated  output  (January  1, 
1981): 

(i)  Hydrocarbons: ...  26.510x10'®  ® 
®M3Txro  grrams/kilo~  newton  (rO  is  in  ki¬ 
lonewtons). 

(ii)  Carbon  monoxide  (January  1. 
1981):  .  .  .  169.47x10-®“®’““"©  grams/ 
kilonewton  (rO  is  in  kilonewtons). 

(ill)  Oxides  of  nitrogen  (January  1, 
1984): ... 

(а)  33.0  grams/kilonewton  for  rPR^ 
less  than’' or  equal  to  25;  or 

(б) 33.0  irPR 

/25)®  •  exp  [rT3/288.15-2.774] 
grams/kilonewton  for  rPR  greater 
than  25. 


(2)  Classes  T2,  T3,  and  T4  engines 
equal  to  or  greater  than  90,000  new¬ 
tons  rated  output: 

(i)  Hydrocarbons  (January  1,  1981): 
...  6.7  grams/kilonewton. 

(ii)  Carbon  monoxide  (January  1, 
1981); .  .  .  36.1  grams/kilonewton. 

(ill)  Oxides  of  nitrogen  (January  1, 
1984): .  .  . 

(o)  33.0  grams/kilonewton  for  rPR 
less  than  or  equal  to  25;  or 

(6)  33.0  (rP«/25)®  *  exp  lrT3/ 

288.15-2.774]  grams/kilonewton  for 
rPR  greater  than  25. 

(3)  Class  T5  (January  1, 1980): 

(i)  Hydrocarbons:  .  .  .  30.7  grams/ki¬ 
lonewton. 

(ii)  Carbon  monoxide:  .  .  .  237.0 
grams/kilonewton. 

(iii)  Oxides  of  nitrogen:  .  .  .  70.8 
grams/kilonewton. 

(e)  Smoke  exhaust  emissions  from 
each  aircraft  gas  turbine  engine  of  the 
classes  specified  below  manufactured 
on  or  after  the  dates  indicated  shall 
not  exceed: 

(1)  Classes  Tl,  T2,  T3,  T4  (January 
l,dgrl981):lon.  .  .  SN=19lr 
kilonewtons). 

(2) 

SN=277(rO)-®  ”®(rO  is  in  kilowatts). 

(3) 

SN  =  19{rO)~^'  ^  (>0  to  in  kllonewtou)- 

(f)  Exhaust  emissions  from  each 
newly  certified  commercial  aircraft  gas 
turbine  engine  of  the  classes  and  rated 
output  ranges  specified  below  manu¬ 
factured  on  or  after  January  1,  1984, 
shall  not  exceed: 

(1)  Classes  Tl,  T2,  T3,  T4  engines 
equal  to  or  greater  than  27,000  new¬ 
tons  rated  power: 

(1)  Hydrocarbons:  ...  3.3  grams/ki¬ 
lonewton. 

(ii)  Carbon  monoxide:  .  .  .  25.0 
grams/kilonewton. 

(iii)  Oxides  of  nitrogen:  .  .  .  33.0 
grams/kilonewton. 

(2)  Class  T5: 

(i)  Hydrocarbons:  ...  7.8  grams/ki¬ 
lonewton. 

(ii)  Carbon  monoxide:  .  .  .  61.0 
grams/kilonewton. 

(iii)  Oxides  of  nitrogen:  .  .  .  39.0 
grams/kilonewton. 

(3)  Class  P2  engines  equal  to  or 
greater  than  2000  kilowatts  rated 
output: 

(i)  Hydrocarbons:  .  .  .  0.045  grams/ 
kilowatt. 

(ii)  Carbon  monoxide:  .  .  .  0.34 
grams/kilowatt. 

(iii)  Oxides  of  nitrogen:  .  .  .  0.45 
grams/kilowatt. 

(g)  The  standards  set  forth  in  para¬ 
graphs  (a),  (b),  (c),  (d),  (e),  and  (f)  of 
this  section  refer  to  a  composite  gas¬ 
eous  emission  sample  representing  the 
operating  cycles  set  forth  in  the  appli¬ 
cable  sections  of  Subpart  G  of  this 
part,  and  exhaust  smoke  emissions 
emitted  dvudng  operations  of  the 
engine  as  specified  in  the  applicable 
sections  of  Subpart  H  of  this  part,  and 
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measiired  and  calculated  in  accordance 
with  the  procedures  set  forth  in  those 
subparts. 

Subpart  D — Exhaust  Emissions  (In- 

Use  Aircraft  Gas  Turbine  Engines) 

§  87.30  Applicability. 

The  provisions  of  this  subpart  are 
applicable  to  all  in-use  aircraft  g:as  tur¬ 
bine  engines  certified  for  operation 
within  the  United  States  of  the  classes 
specified  beginning  on  the  dates  speci¬ 
fied. 

§  87.31  Standards  for  exhaust  emissions. 

(a)  Exhaust  emissions  of  smoke  from ' 
each  in-use  aircraft  gas  turbine  engine 
of  Class  T4,  beginning  January  1,  1974, 
shall  not  exceed:  Smoke  number  of  30. 

(b)  Exhaust  emissions  of  smoke  from 
each  in-use  aircraft  gas  turbine  engine 
of  class  T2  and  of  rated  output  of 
129,000  newtons  thrust  or  greater,  be¬ 
ginning  Janaury  1,  1976,  shall  not 
exceed:  iSJV=79<rO)"*  *“  (rO  is  in  ki- 
lonewtons). 

(c)  Exhaust  emissions  of  smoke  from 
each  in-use  aircraft  gas  turbine  engine 
of  Class  T3  shall  not  exceed  a  smoke 
number  of  25.  Each  operator  shall 
achieve  compliance  in  accordance  with 
the  following  schedule: 

(1)  One  quarter  of  its  operational 
Class  T3  engines  by  January  1, 1981. 

(2)  One  half  of  its  operational  Class 
T3  engines  by  January  1, 1983. 

(3)  All  of  its  operational  Class  T3  en¬ 
gines  by  January  1, 1985. 

This  compliance  schedule  notwith¬ 
standing,  Class  T3  engines  which  do 
not  meet  a  smoke  munber  of  25  may 
continue  to  be  operated  if,  imder  an 
approved  plan,  replacement  engines  or 
replacement  airplanes  have  been  or¬ 
dered  and  are  scheduled  for  delivery 
prior  to  January  1,  1985,  but  not  after 
the  dates  specified  in  the  plan.  For  the 
purpose  of  this  paragraph,  replace¬ 
ment  engines  are  engines  of  a  class  dif¬ 
ferent  from  Class  T3  and  have  been 
shown  to  meet  the  smoke  emission 
standards  in  this  part  appropriate  to 
their  class. 

(d)  Exhaust  emissions  from  each  in- 
use  commercial  aircraft  gas  turbine 
engine  of  classes  T2  and  T4,  beginning 
January  1, 1985,  shall  not  exceed: 

(1)  Engines  equal  to  or  greater  than 
53,000  newtons  rated  output  but  less 
than  90,000  newtons  rated  output: 

(1)  Hydrocarbons: 

26.5 10  X 10"  "■  '®  grams/kilonewton 

(rO  is  in  kilonewtons). 

(ii)  Carbon  monoxide: 

169.47 X  10~*  "”*^•■0  grams/kilonewton 
(rO  is  in  kilonewtons). 

(2)  Engines  equal  to  or  greater  than 
90,000  newtons  rated  output: 


(i)  Hydrocarbons:  ...  6.7  grams/ki¬ 
lonewton. 

(ii)  Carbon  monoxide:  .  .  .  36.1 
grams/kilonewton. 

(3)  Smoke  exhaust  emissions  from 
each  engine  equal  to  or  greater  than 
53,000d  ewtonsbegshall  not  exceed: 
SAr=79(rO)-“  *“  <rO  is  in  kilonew¬ 
tons). 

(e)  The  standards  set  forth  in  para¬ 
graphs  (a),  (b),  (c),  and  (d)  of  this  sec¬ 
tion  refer  to  a  composite  gaseous  emis¬ 
sion  sample  representing  the  operat¬ 
ing  cycle  set  forth  in  the  applicable 
sections  of  Subpart  O  of  this  part  and 
exhaust  smoke  emissions  emitted 
during  operations  of  the  engine  as 
specified  in  the  applicable  sections  of 
Subpart  H  of  this  part,  and  measured 
and  calculated  in  accordance  with  the 
procedures  set  forth  in  those  subparts. 

(f)  In  addition  to  the  requirements 
imposed  by  paragraphs  (a),  (b),  (c), 
and  (d)  of  this  section,  each  in-use  air¬ 
craft  gas  turbine  engine  shall  not 
exceed  the  level  of  the  standards  ap¬ 
plicable  to  such  engine  when  it  was 
new. 

Subpart  E  [Reserved] 

Subpart  F  [Reserved] 

Subparf  G — Test  Procedures  for 

Engine  Exhaust  Gaseous  Emissions 

(Aircraft  and  Aircraft  Gas  Turbine 

Engines) 

§  87.60  Introduction. 

(a)  Except  as  provided  under  §87.5, 
the  procedures  described  in  this  sub¬ 
part  shall  be  the  test  program  to  de¬ 
termine  the  conformity  of  new  and  in- 
use  aircraft  gas  turbine  engines  with 
the  applicable  standards  set  forth  in 
this  part. 

(b)  The  test  consists  of  operating  the 
engine  at  prescribed  power  settings  on 
an  engine  dynamometer  (for  engines 
producing  primarily  shaft  power)  or 
thrust  measuring  test  stand  (for  en¬ 
gines  producing  primarily  thrust).  The 
exhaust  gases  generated  during  engine 
operation  are  sampled  continuously 
for  specific  component  analysis 
through  the  analytical  train. 

(c)  The  exhaust  emission  test  is  de¬ 
signed  to  measure  hydrocarbons, 
carbon  monoxide,  carbon  dioxide,  and 
oxides  of  nitrogen  concentrations,  and 
to  determine  mass  emissions  through 
calculations  during  a  simulated  air¬ 
craft  landing-takeoff  cycle  (LTO).  The 
LTO  cycle  is  based  on  time  in  mode 
data  during  high  activity  periods  at 
major  airports.  The  test  for  propulsion 
engines  consists  of  at  least  the  follow¬ 
ing  five  modes  of  engine  operation: 
Taxi/idle  (out),  takeoff,  climbout,  ap¬ 
proach,  and  taxi/idle  (in).  The  mass 


emission  for  the  modes  are  combined 
to  yield  the  reported  values. 

(d)  When  an  engine  is  tested  for  ex¬ 
haust  emissions  on  an  engine  dynamo¬ 
meter  or  test  stand,  the  complete 
engine  shall  be  used  with  all  accesso¬ 
ries  which  might  reasonably  be  ex¬ 
pected  to  influence  emissions  to  the 
atmosphere  installed  and  functioning. 
This  includes  auxiliary  gearbox- 
mounted  components  required  to  drive 
aircraft  systems  and  service  air  bleed 
as  prescribed  in  §  87.62(a)(2). 

§  87.61  Turbine  fuel  specifications. 

For  exhaust  emission  testing,  fuel 
meeting  the  specifications,  ASTM 
D1655— latest  version— Jet  A,  shall  be 
used.  Nonmetallic  additives  as  speci¬ 
fied  in  ASTM  D1655— latest  version— 
Jet  A  may  be  present.  Additives  used 
for  the  purpose  of  smoke  suppression 
(such  as  organometallic  compounds) 
shall  not  be  present. 

§  87.62  Test  procedure  (propulsion  en¬ 
gines). 

(a)(1)  The  engine  shall  be  tested  in 
each  of  the  following  engine  operating 
modes  which  simulate  aircraft  oper¬ 
ation  to  determine  its  mass  emission 
rates.  Actual  power  setting,  that  when 
corrected  to  standard  day  conditions, 
corresponds  to  the  following  percent¬ 
age  of  rated  output,  (rated  output  in¬ 
cludes  the  reheat  contribution  and 
thrust  augmentation  due  to  water  in¬ 
jection,  if  applicable): 


Mode 

Cnass  P2  Clan  Tl. 

T2,  T3,  or 

T4 

ClanTS 

Taxi/kUe  (out) _ 

(■) 

(•) 

(■) 

Takeoff _  _ 

100 

100 

100 

Climbout _ 

90 

89 

65 

Descent _ 

NA 

NA 

15 

Approach _ ... _ 

30 

30 

34 

Taxi/idle  (In)........... 

(•) 

(■) 

«  (■) 

'See  subpt.  (2)  of  this  paragraph. 


(2)  The  taxi/ idle  operating  modes 
shall  be  carried  out  at  the  minimum 
idle  power  at  which  the  engine  can  be 
operated  in  compliance  with  the  appli¬ 
cable  standards  as  specified  by  the 
manufacturer.  Use  of  service  air  bleed 
and  shaft  power  extraction  to  power 
auxiliary  gearbox-moimted  compo¬ 
nents  required  to  drive  aircraft  sys¬ 
tems  is  permitted  at  the  minimum  op¬ 
erating  levels  which  can  occur  in  use. 

(b)  Emission  testing  shall  be  con¬ 
ducted  on  warmed-up  engines  which 
have  achieved  a  steady  operating  tem¬ 
perature. 

§87.63  [Reserved] 

§  87.64 '  Sampling  and  analytical  system 
for  measuring  exhaust  emissions. 
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(a)  Schematic  drawing.  Figure  1  is  a 
schematic  drawing  of  the  exhaust  gas 
sampling  and  analytical  system  which 
shall  be  used  for  testing  under  the  reg¬ 
ulations  in  this  subpart.  Additional 
components  such  as  instruments, 
valves,  solenoids,  piunps,  and  switches 
may  be  used  to  provide  additional  in¬ 
formation  and  coordinate  the  func¬ 
tions  of  the  component  systems.  Paral¬ 
lel  installation  of  CO  and  COt  instru¬ 
ments  are  an  acceptable  alternate  con¬ 
figuration  of  Figure  1. 

(b)  Water  removal  devices.  No  desic¬ 
cants,  dryers,  water  trs4>s,  or  related 
equipment  may  be  used  to  treat  the 
exhaust  sample  flowing  to  the  oxides 
of  nitrogen  measurement  instrumenta¬ 
tion.  NOx  instrument  configuration 
must  be  such  that  condensation  is 
avoided  through  the  instrument.  The 
extent  of  water  vapor  and  carbon  diox¬ 
ide  interference  on  the  carbon  monox¬ 
ide  analyzer  shall  be  determined  by 
passing  a  range  of  known  concentra¬ 
tions  of  carbon  dioxide  and  water 
vapor  through  the  instnunent  and  ob¬ 
serving  the  response.  If  the  effect  is 
greater  than  2  percent  of  measiired 
CO  levels,  all  subsequent  measure¬ 
ments  shall  be  corrected  for  these  in¬ 
terferences. 

(c)  Component  description  iexhavst 
gas  sampling  system).  The  following 
components  shall  be  used  in  the  ex¬ 
haust  gas  sampling  system  for  testing 
under  the  regulations  in  this  subpart. 

(1)  Sampling  probe  (i)  Probe  design 
concept:  The  probe  shall  be  made  of 
stainless  steel.  If  a  mixing  probe  is 
used,  all  sampling  holes  shall  be  of 
equal  diameter.  Total  probe  orifice 
area  shall  be  such  that  the  principal 
pressure  drop  (at  least  80  percent) 
through  the  probe  assembly  shall  be 
taken  at  the  orifice(s). 

(ii)  Probe  orientation  and  sampling 
location: 

(a)  A  minimum  of  12  sampling 
points  shall  be  used.  Either  mixing  or 
individual  probes  are  acceptable. 

(b)  A  minimum  of  three  different 
radial  positions  shall  be  used  in  each 
of  four  sampling  quadrants. 

(c)  If  the  minimum  of  12  sampling 
points  are  used,  the  points  in  circum¬ 
ferentially  adjacent  sampling  areas 
shall  be  separated  by  at  least  80°  angu¬ 
lar  displacement.  No  two  sampling 
points  shall  be  separated  in  any  direc¬ 
tion  by  a  distance  less  than  0.1  tailpipe 
radius  or  0.1  annular  height,  as  appli¬ 
cable.  If  the  number  of  sampling 
points  (n)  is  greater  than  12,  they 
shall  be  equal  in  number  in  each  quad¬ 
rant  or  sector  and  the  minimum  sepa¬ 
rations  specified  above  shall  be  re¬ 
duced  by  a  factor=12/n. 

id)  The  axial  sampling  plane  shall 
be  as  close  to  the  plane  of  the  exit 
nozzle  as  engine  performance  param¬ 
eters  permit,  but  in  any  case,  shall  be 
within  one  exit  nozzle  diameter  of  the 
exit  plane,  except  for  engine  operation 


modes  which  employ  reheat  (after¬ 
burning). 

(c)  In  all  cases,  the  probe  shall  be  de¬ 
signed  to  obtain  a  representative 
sample  over  the  area  of  the  entire  ex¬ 
haust  nozzle,  on  both  mixed  fan  en¬ 
gines  and  nonmixed  fan  engines  as 
well  as  turbojet  and  tiu*boprop  en¬ 
gines. 

if)  The  multipoint  probe  shall  be  de¬ 
signed  to  minimize  the  errors  due  to 
pollutant  stratification,  whether  the 
stratification  is  due  to  combustor 
design,  mixing  or  lack  of  mixing,  or 
engine  design  such  as  mixing  of  fan 
and  core  air. 

(2)  Sample  transfer.  The  sample 
system  transport  time  as  measured 
from  the  sample  probe  to  the  entrance 
to  the  Instrumentation  system  must  be 
shown  by  calculation  using  the  phys¬ 
ical  characteristics  of  the  sample  line 
to  be  2  seconds  or  less.  The  sample 
shall  be  transferred  from  the  probe  to 
the  instrumentation  system  through  a 
heated  sample  line  of  either  stainless 
steel  or  Teflon  of  4.5  to  8.2  mm  I.D. 
The  sample  lines  shall  be  maintained 
at  a  temperataure  of  150°±5*  C. 

(3)  Sample  line  length.  The  sample 
line  length  from  the  probe  exit  to  the 
instrumentation  system  shall  be  of 
minimum  length,  but  in  no  case  great¬ 
er  than  24.5  metres. 

(4)  Sampling  system  for  use  tcith 
reheat  iafterbuming).  For  engines 
which  employ  reheat,  a  sampling 
system  selected  by  the  manufacturer 
may  be  used  for  tests  during  after¬ 
burner  (reheat)  operation  if  shown  to 
yield  representative  results  and  if  ap¬ 
proved  in  advance  by  the  Administra¬ 
tor. 

(d)  Component  description  iexhavst 
gas  analytical  system).  The  following 
components  shall  be  used  in  the  ex¬ 
haust  gas  analytical  system  for  testing 
under  the  regulations  in  this  subpart. 
The  analytical  system  provides  for  the 
determination  of  hydrocarbon  concen¬ 
trations  by  flame  ionization  detector 
analysis,  the  determination  of  carbon 
monoxide  and  carbon  dioxide  concen¬ 
trations  by  nondispersive  infrared 
analysis  and  the  determination  of 
oxides  of  nitrogen  concentrations  by 
chemiluminescence  analysis  of  ex¬ 
haust  sample.  The  chemiluminescence 
method  of  analysis  requires  that  the 
nitrogen  dioxide  present  in  the  sample 
be  converted  to  nitric  oxide  before 
analysis.  Other  types  of  analyzers  may 
be  used  if  shown  to  yield  equivalent 
results  and  if  approved  in  advance  by 
the  Administrator.  See  Appendix  A  of 
this  part. 

§  87.65  Information  to  be  recorded. 

The  following  information,  as  appli¬ 
cable,  shall  be  recorded  with  respect  to 
each  test. 

(a)  General.  (1)  Facility  performing 
tests. 

(2)  Description  of  test  equipment  in¬ 
cluding  the  probe  and  sampling  and 
analytical  train. 


(3)  Instrument  operator. 

(4)  Test  stand  operator. 

(5)  Fuel  identification,  including  H/ 
C  ratio  and  additives,  if  any. 

(b)  Aircraft  iin  which  engine  will  be 
installed)  description.  (1)  Manufactur¬ 
er. 

(2)  Model  number. 

(3)  Serial  number  (if  known). 

(4)  User. 

(5)  Engine  installation  position. 

(c)  Engine  description.  (1)  Manufac¬ 
turer. 

(2)  Model  niunber. 

(3)  Serial  number. 

(4)  Time  since  overhaul  and  other 
pertinent  maintenance  information. 

(d)  Test  data..  (1)  Test  number. 

(2)  Date. 

(3)  Time. 

(4)  Ambient  temperature  and  engine 
inlet  temperature. 

(5)  Barometric  pressure. 

(6)  Absolute  hiimidity. 

(7)  Sample  line  temperature.  Line 
temperature  shall  be  taken  at  a  mini¬ 
mum  of  three  locations,  two  of  which 
shall  be  the  probe  outlet  and  instru¬ 
mentation  inlet. 

(8)  Sample  system  transport  time,  (i) 
Test  date,  (ii)  Supporting  calculations. 

(9)  All  pertinent  instrumentation  in¬ 
formation  such  as  tuning,  gain,  full 
scale  range. 

(10)  Recorder  charts:  Identify  zero, 
span,  exhaust  gas  sample  traces,  and 
operating  mode. 

(11)  Date  of  most  recent  analytical 
assembly  calibration  and  identification 
number,  if  any. 

(12)  CO,  COt,  HC,  and  NOx  emission 
measurement  system  response  time 
for  the  current  and  previous  test. 
Record  test  date  and  test  number  of 
previous  test. 

(e)  Operating  mode  data..  (1)  Nomi¬ 
nal  power  setting. 

(2)  Actual  power  setting  (thrust, 
shaft  power,  etc.). 

(3)  Nt  speed,  revolutions  per  minute. 

(4)  Nt  speed  and  Nt,  if  applicable, 
revolutions  per  minute. 

(5)  Measured  fuel  flow,  kilograms/ 
hoiu*. 

(6)  Air  flow,  kilograms/second  and 
method  of  determination. 

(7)  Service  bleed  air  flow,  kilograms/ 
second  and  pressure. 

(8)  Shaft  power  extraction  for  auxil¬ 
iary  gearbox-mounted  components. 

(9)  FT,. 

(10) EPR. 

(IDTTt. 

(12)  Pollutant  concentration,  from 
recorders,  in  percent  or  parts  per  mil¬ 
lion  by  voliime,  and  parts  per  million 
carbon  for  hydrocarbons. 

§  87.66  Calibration  and  instrument  checks. 

(a)  Calibrate  the  analytical  assembly 
at  least  once  every  30  days.  Use  the- 
same  flow  rate  as  when  analyzing  sam¬ 
ples. 

(1)  Adjust  analyzers  to  optimize  per¬ 
formance. 
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(2)  Zero  the  hydrocarbon  analyzer 
with  zero  grade  air  and  the  carbon 
monoxde.  carbon  dioxide,  and  oxides 
of  nitrogen  analyzers  with  zero  grade 
nitrogen.  The  allowable  zero  gas  impu¬ 
rity  concentrations  should  not  exceed 
0.1  p.p.m.  equivalent  carbon  response, 
1  p.p.m.  carbon  monoxide,  350  p.p.m. 
carbon  dioxide,  and  0.1  p.p.m.  nitric 
oxide. 

(3)  Set  the  CO  and  COi  analyzer 
gains  to  give  the  desired  range.  Select 
desired  attenuation  scale  of  the  HC 
analyzer  and  adjust  the  electronic  gain 
control  to  give  the  desired  full  scale 
range.  Select  the  desired  scale  of  the 
NOx  analyzer  and  adjust  the  photo¬ 
tube  high  voltage  supply  or  amplifier 
gain  to  give  the  desired  range. 

(4)  Calibrate  the  HC  analyzer  with 
propane  (air  diluent)  gases  having 
nominal  concentrations  equal  to  50 
and  95  percent  of  full  scale  of  each 
range  used.  Calibrate  the  CO  analyzer 
with  carbon  monoxide  (nitrogen  di¬ 
luent)  gases  and  the  COi  analyzer  with 
carbon  dioxide  (nitrogen  diluent) 
gases  having  nominal  concentrations 
equal  to  30,  60,  and  90  percent  of  full 
scale  of  each  range  used.  Calibrate  the 
NO,  analyzer  with  nitric  oxide  (nitro¬ 
gen  diluent)  gases  having  nominal  con¬ 
centrations  equal  to  50  and  95  percent 
of  full  scale  of  each  range  used.  The 
actual  concentrations  should  be 
known  to  within  ±2  percent  of  the 
true  values. 

(5)  Compare  values  obtained  on  the 
CO  and  COt  analyzers  with  previous 
calibration  curves.  Any  significant 
change  reflects  some  problem  in  the 
system.  Locate  and  correct  problem, 
and  recalibrate.  Use  best  judgment  in 
selecting  curves  for  data  reduction. 
Log  gain  reading. 

(6)  Check  the  NOx  to  NO  converter 
efficiency  by  the  following  procedure. 
Use  the  apparatus  described  and  illus¬ 
trated  in  Figure  2. 

(i)  Attach  the  NO/N,  supply  (150- 
250  p.p.m.)  at  C,,  the  O,  supply  at  Ci 
and  the  analyzer  inlet  connection  to 
the  efficiency  detector  at  Cj.  If  lower 
concentrations  of  NO  are  used,  air 
may  be  used  in  place  of  Oa  to  facilitate 
better  control  of  the  NOa  generated 
during  step  (iv). 

(ii)  With  the  efficiency  detector 
Variac  off,  place  the  NOx  convertor  in 
bypass  mode  and  close  valve  V3.  Open 
valve  MV2  until  sufficient  flow  and 
stable  readings  are  obtained  at  the 
analyzer.  Zero  and  span  the  analyzer 
output  to  indicate  the  value  of  the  NO 
concentration  being  used.  Record  this 
concentration. 

(iii)  Open  valve  V3  (on/off  flow  con¬ 
trol  solenoid  valve  for  Oi)  and  adjust 
valve  MVl  (O*  supply  metering  valve) 
to  blend  enough  Oi  to  lower  the  NO 
concentration  (ii)  about  10  percent. 
Record  this  concentration. 

(iv)  Turn  on  the  ozonator  and  in¬ 
crease  its  supply  voltage  imtil  the  NO 


concentration  of  (iii)  is  reduced  to 
about  20  percent  of  (ii).  NO,  is  now 
being  formed  from  the  NO+O,  reac¬ 
tion.  There  must  always  be  at  least  10 
percent  unreacted  NO  at  this  point. 
Record  this  concentration. 


Figure  2  -  NO„ 'converter  EFFICIEMCV  DETECTOR 


SUPI'EV 


(V)  When  a  stable  reading  has  been 
obtained  from  (iv),  place  the  NOx  con¬ 
verter  in  the  convert  mode.  The  ana¬ 
lyzer  will  now  indicate  the  total  NOx 
concentration.  Record  this  concentra¬ 
tion. 

(vi)  Turn  off  the  ozonator  and  allow 
the  analyzer  reading  to  stabilize.  The 
mixture  NO-t-O,  is  still  passing 
through  the  converter.  This  reading  is 
the  total  NOx  concentration  of  the 
dilute  NO  span  gas  used  at  step  (iii). 
Record  this  concentration. 

(vii)  Close  valve  V3.  The  NO  concen¬ 
tration  should  be  equal  to  greater 
than  the  reading  of  (ii)  indicating 
whether  the  NO  contains  any  NO,. 

Calculate  the  efficiency  of  the  NOx 
converter  by  substituting  the  concen¬ 
trations  obtained  during  the  test  into 
the  following  equation. 


%  Eff. 


(u)  -  Uv) 
ivl)  -  Uv) 


X  100% 


The  efficiency  of  the  converter 
should  be  greater  than  90  percent.  Ad¬ 
justing  the  converter  temperature 
may  be  needed  to  maximize  the  effi¬ 
ciency.  Efficiency  checks  should  be 
made  on  each  analyzer  range  using  an 
NO  span  gas  concentration  appropri¬ 
ate  to  the  instrument  range. 

(viii)  If  the  converter  efficiency  is 
not  greater  than  90  percent,  the  cause 
of  the  inefficiency  shall  be  determined 
and  corrected  before  the  instrument  is 
used. 

(ix)  The  converter  efficiency  shall  be 
checked  at  least  once  weekly  and  pref¬ 
erably  once  dally. 

(b)  Verifications  and  instrument 
checks  shall  be  performed  in  accor¬ 
dance  with  §87.67  on  in-use  systems. 


Verification  and  instrument  checks 
shall  be  performed  before  and  after 
each  test,  but  not  less  than  once  per 
hour. 

(c)  For  the  purposes  of  this  section, 
the  term  “zero  grade  air”  includes  arti¬ 
ficial  “air‘”  consisting  of  a  blend  of  ni¬ 
trogen  and  oxygen  with  oxygen  con¬ 
centrations  between  18-  and  21-mole 
percent. 

§  87.67  Sampling  procedures. 

(a)  HC,  CO.  COi,  and  NOx  measure¬ 
ments.  Allow  a  minimum  of  2  hours 
warmup  for  the  CO,  CO,,  HC,  and 
NOx  analyzers.  (Power  is  normally  left 
on  infrared  and  chemiluminescence 
analyzers;  but  when  not  in  use.  the 
chopper  motors  of  the  infrared  analyz¬ 
ers  are  turned  off  and  the  phototube 
high  voltage  supply  of  the  chemilu¬ 
minescence  analyzer  is  placed  in  the 
standby  position).  The  following  se¬ 
quence  of  operations  shall  be  per¬ 
formed  in  conjunction  with  each  series 
of  measurements; 

(1)  Check  the  sampling  system  for 
any  leaks  that  could  dilute  the  ex¬ 
haust  gas  and  replace  or  clean  sample 
line  filters. 

(2)  Introduce  the  zero  grade  gas  at 
the  same  flow  rates  used  to  analyze 
the  test  samples  and  zero  the  analyz¬ 
ers.  Obtain  a  stable  zero  on  each  am¬ 
plifier  meter  and  recorder.  Recheck 
after  tests. 

(3)  Introduce  span  gases  and  set  the 
CO  and  CO,  analyzer  gains,  the  HC 
analyzer  sample  capillary  flow  rate 
and  electronic  gain  control,  if  pro¬ 
vided.  and  the  NOx  analyzer  high  vol- 
tagae  supply  or  amplifier  gain  to 
match  the  calibration  curves.  In  order 
to  avoid  corrections,  span  and  cali¬ 
brate  at  the  same  flow  rates  used  to 
analyze  the  test  samples.  Span  gases 
should  have  concentrations  equal  to 
approximately  80  percent  of  each 
range  used.  If  gain  has  shifted  signifi¬ 
cantly  on  the  CO  or  CO,  analyzers, 
check  tuning.  If  necessary,  check  cali¬ 
bration.  Respan  at  least  at  end  of  test 
but  not  less  than  once  per  hour.  Show 
actual  concentrations  on  chart.  Log 
gain  readings. 

(4)  Check  zeros;  repeat  the  proce¬ 
dure  in  subparagraphs  (1)  and  (2)  of 
this  paragraph,  if  required. 

(5)  Check  the  sample  system  line 
temperature.  Also  check  the  emission 
measurement  system  response  time 
using  the  following  procedure: 

(i)  In  addition  to  the  requirements 
of  §  87.64,  the  sample  system  transport 
time  shall  be  rechecked  each  time  the 
emission  measurement  system  is  modi¬ 
fied  in.  any  manner  which  may  reason¬ 
ably  be  expected  to  change  the  sample 
system  transport  time. 

(ii)  The  emission  measurement 
system  response  time  shall  be  checked. 
Introduce  an  HC  span  gas  at  the 
sample  probe  and  measure  the  time  it 
takes  for  the  instrument  to  respond  to 
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15  percent  of  span  concentration.  The 
emission  measurement  system  re¬ 
sponse  time  shall  be  7  seconds  or  less. 

(iii)  Repeat  (ii)  for  the  CO,  COi,  and 
NOx  instrumentation.  The  emission 
measurement  system  response  time 
for  all  instruments  shall  be  7  seconds 
or  less  except  for  the  NOx  chemilu¬ 
minescence  instrument  which  shall 
have  a  response  time  of  9  seconds  or 
less. 

(iv)  The  results  of  (ii)  and  (iii)  must 
compare  with  the  emission  measure¬ 
ment  system  response  times  of  the 
previous  test  within  ±1.0  second. 

(6)  Check  instrument  flow  rates  and 
pressures. 

(7)  The  engine  shall  be  operated  in 
each  operating  mode  imtil  emission 
levels  have  stabilized  as  indicated  by  a 
constant  instrument  reading  or  record¬ 
er  output.  This  stabilized  reading  shall 
be  recorded  and  used  in  calculating 
mass  emission  rates  as  called  for  in 
Section  87.70. 

(8)  Measure.  HC,  CO,  COt,  and  NOx 
concentrations  of  the  exhaust  sample 
at  the  various  modes  called  for  in 
§  87.62. 

(9)  If  individual  probes  are  used,  the 
number  to  be  reported  (for  each  com¬ 
ponent)  shall  be  the  arithmetic  aver¬ 
age  of  the  values  obtained  at  each 
sampling  point.  If  mixing  probes  are 
used,  the  number  to  be  reported  shall 
be  the  average  of  the  values  of  the  sev¬ 
eral  probes,  giving  each  probe  a 
weighting  factor  equal  to  the  number 
of  sample  points  in  that  particular 
probe. 

(10)  Recheck  zero  and  span  points  at 
the  end  of  the  test  and  also  at  ap¬ 
proximately  one  hour  intervals  during 
the  test.  If  either  has  changed  by  ±2 
percent  of  full  scale,  the  test  shall  be 
rerun  after  instrument  maintenance: 
Provided,  That  if  it  is  impractical  to 
repeat  the  test,  a  correction  based  on 
an  interpolation  which  is  linear  with 
time  is  acceptable  for  corrections 
within  ±4  percent. 

(b)  Sample  system  contamination. 

(1)  Care  shall  be  taken  to  avoid  load¬ 
ing  of  the  sampling  system  with  raw 
fuel  discharge  during  engine  starting. 

(2)  When  the  sample  probe  is  in  the 
exhaust  stream  and  sampling  is  not  in 
process,  a  back  purge  with  air  or  an 
inert  gas  may  be  necessary  to  protect 
the  probe  and  sample  line  from  partic¬ 
ulate  buildup  which  could  affect 
smoke  and  hydrocarbon  readings. 
Check  sample  line  for  contamination 
each  time  the  instniment  zero  and 
span  points  are  checked.  Use  the  fol¬ 
lowing  procedure  to  check  the  sample 
line: 

(1)  Immediately  after  instrument 
zero  and  span  measurements  and  nec¬ 
essary  adjustments  are  complete,  in¬ 
troduce  hydrocarbon  zero  gas  near  the 
sample  probe.  If  the  instrument  zero 
reading  increases  by  more  than  5  per¬ 
cent  of  the  scale  in  use,  the  sample 


line  shall  be  purged  or  cleaned  as  re¬ 
quired,  to  bring  the  zero  within  limits. 

(ii)  When  the  requirements  of  (i) 
have  been  met,  intr«.'duce  hydrocarbon 
span  gas  into  the  inlet  of  the  sampling 
system.  If  the  instrument  span  reading 
is  different  by  more  than  ±5  percent 
from  the  correct  setting  for  the  scale 
in  use,  the  sample  line  shall  be  purged 
or  cleaned,  as  required,  to  bring  the 
span  within  limits. 

§  87.68  Test  run. 

A  test  nin  shall  consist  of  operating 
the  engine  in  accordance  with  §  87.62. 
During  the  test  run  the  engine  shall 
not  be  operated  at  a  power  setting 
above  normal  idle  power  before  begin¬ 
ning  the  test  sequence  of  §  87.62.  The 
engine  shall  be  operated  in  the  se¬ 
quence  called  for  under  this  section, 
unless  an  alternate  procedure  is 
agreed  to  in  writing  by  the  Adminis¬ 
trator  before  such  testing  is  conduct¬ 
ed.  If  repeat  runs  at  full  takeoff  power 
are  necessary,  they  may  be  conducted 
after  the  last  idle  run  in  the  test  se¬ 
quence. 

§  87.69  Chart  reading. 

Determine  the  HC,  CO,  CO„  and 
NOx  concentrations  of  the  exhaust 
sample  during  the  various  modes  from 
the  instrument  deflections  or  record¬ 
ings,  making  use  of  appropriate  cali¬ 
bration  charts. 

§  87.70  Calculations. 

(a)  The  final  reported  test  results 
shall  be  computed  by  use  of  the  fol¬ 
lowing  formulas: 

(1)  Hydrocarbon: 

HC  grams/kilonewtons-thrust  or  kilowatts, 
as  appropriate/cycle = 

Sum  of  the  HC  mass/mode  of  each  mode 

Rated  power 

(2)  Carbon  monoxide: 

CO  grams/kilonewtons-thrust  or  kilowatts, 
as  appropriate/cycle  s= 

Sum  of  the  CO  mass/mode  of  each  mode 

Rated  power 

(3)  Oxides  of  nitrogen: 

NOx  grams/kilonewtons-thrust  or  kilowatts, 
as  appropriate/cycles 

Sum  of  the  NOx  mass/mode  of  each  mode 
Rated  power 

(b)  The  pollutant  mass  per  mode 
shall  be  computed  by  use  of  the  fol¬ 
lowing  formulas: 

(1)  HC  mass/mode=HC  emission 
rate  X  TIM. 

(2)  CO  mass/mode=CO  emission 
rate  X  TIM. 

(3)  NOx  mass/mode=NOx  emission 
rate  X  TIM. 

(c)  The  emission  rates  of  each  mode 
shall  be  computed  by  use  of  the  fol¬ 
lowing  formulas: 


(1)  HC  €mi«6lon  r*t«  ■  (M.+aJL.)  ♦  (CO,)  ♦ 

^  10**  ^  10** 

(2)  CO  »i..lon  r.t.  -  ^  ,  (iCOi  ^  ^  iHC|, 

^  T*  10*  ^  lo" 

No  .(-N,o.x/.r 

_ "2  10 _ 

(3)  NOX  r.t.  .  ♦  «°2>  * 


(d)  The  times  in  mode  (TIM)  shall 
be  as  specified  below: 


Times  in  mode 
(minutes) 

Class  P2  Class  Tl,  T2.  Class  T5 
T3  or  T4 

(1)  Taxi/idle  (out) ... 

19.0 

19.0 

19.0 

(2)  Takeoff _ 

.5 

.7 

1.2 

(3)  Climbout . 

2.5 

2.2 

2.0 

(4)  Descent................ 

NA 

NA 

1.2 

(5)  Approach.... _ ..... 

4.5 

4.0 

2.3 

(6)  Taxi/idle  (in) _ 

7.0 

7.0 

7.0 

(e)  Meaning  of  symbols: 

(1) (i)  HC  mass/mode = Total  mass  of 
hydrocarbon  emissions  in  grams  em- 
mitted  during  an  operation  mode  as 
specified  in  §87.62  and  paragraph  (d) 
of  this  section. 

(ii)  CO  mass/mode = Total  mass 
carbon  monoxide  emissions  in  grams 
emitted  during  an  operational  mode  as 
specified  in  §87.62  and  paragraph  (d) 
of  this  section. 

(iii)  NOx  mass/mode = Total  mass  of 
oxides  of  nitrogen  emissions  in  grams 
enitted  during  an  operational  mode  as 
specified  in  §87.62  and  paragraph  (d) 
of  this  section. 

(2) (i)  HC  emission  rate  ==  grams/hour 
of  exhaust  hydrocarbons  emitted  in  an 
operational  mode. 

(ii)  CO  emission  rate = grams/hour 
of  exhaust  carbon  monoxide  emitted 
in  an  operational  mode. 

(iii)  NOx  emission  rate = grams/hour 
of  exhaust  oxides  of  nitrogen  emitted 
in  an  operational  mode. 

(3) (i)  MHc=Molecular  weight  of 
methane,  Mhc= 16.04. 

(ii)  Mco=Molecular  weight  of  carbon 
monoxide. 

(iii)  Mnoi= Molecular  weight  of  nitro¬ 
gen  dioxide. 

(iv)  Mc=Atomic  weight  of  carbon. 

(V)  MH=Atomic  weight  of  hydrogen, 

Mh= 1.008. 

(vi)  a=Atomic  hydrogen-carbon 
ratio  of  fuel. 

(4)  For  each  operating  mode: 

(i)  (HC)= Concentration  of  hydrocar¬ 
bons  in  the  exhaust  sample  in  parts 
per  million  carbon  equivalent,  i.e., 
equivalent  propane  x3. 

(ii)  ( CO )= Concentration  of  carbon 
monoxide  in  the  exhaust  sample  in 
parts  per  million  by  volume. 

(iii)  (COt) = Concentration  of  carbon 
dioxide  in  the  exhaust  sample  in 
volume  percent. 
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(iv)  (NOx)= Concentration  of  oxides 
of  nitrogen  in  the  exhaust  sample  in 
parts  per  million  by  volume,  NO+NOi. 

(V)  FsMass  rate  of  fuel  flow  in  kilo¬ 
grams  per  hour. 

(5)  TIMsTime  in  mode  as  specified 
in  paragraph  (d)  of  this  section,  divid¬ 
ed  by  60  to  yield  time  in  mode  in 
hours. 

§  87.71  Compliance  with  emission  stan* 
dards. 

Compliance  with  each  emission  stan¬ 
dard  by  any  aircraft  engine  shall  be 
determined  by  comparing  the  pollut¬ 
ant  level  in  grams/kilonewton  thrust/ 
cycle  or  grams/kilowatt/cycle  as  calcu¬ 
lated  in  §  87.70(a)  with  the  applicable 
emission  standard  under  this  part. 
The  pollutant  level  for  the  cycle  shall 
not  exceed  the  standard. 

Swbpart  H — Test  Procaduras  far  Engina  Smaka 
Emiksian  (Aircraft  Got  Turbina  Enginas) 

§  87.80  Introduction. 

Except  as  provided  under  §  87.5,  the 
procedures  described  in  this  subpart 
shall  be  the  test  program  to  determine 
the  conformity  of  new  and  in-use  gas 
turbine  engines  with  the  applicable 
standards  set  forth  in  this  part.  The 
test  is  essentially  the  same  as  that  de¬ 
scribed  in  §§87.60-87.62,  except  that 
the  test  is  designed  to  determine  the 
smoke  emission  level  at  various  operat¬ 
ing  points  representative  of  engine 
usage  in  aircraft.  Other  smoke  mea¬ 
surement  systems  may  be  used  if 
shown  to  yield  equivalent  results  and 
if  approved  in  advance  by  the  Admin¬ 
istrator. 

§  87.81  Fuel  specifications. 

Fuel  having  specifications  as  pro¬ 
vided  in  §  87.61  shall  be  used  in  smoke 
emission  testing. 

§  87.82  Sampling  and  analytical  system 
for  measuring  smoke  exhaust  emis¬ 
sions. 

(a)  Scfiematic  drawing.  Figure  3  is  a 
schematic  drawing  of  the  exhaust 
smoke  sampling  and  analytical  system 
which  shall  be  used  in  testing  under 
the  regulation  in  this  subpart. 

(b)  Component  description.  The  fol¬ 
lowing  components  shall  be  used  in 
the  sampling  and  analytical  system  for 
testing  under  the  regulations  in  this 
subpart. 

(1)  Sample  size  measurement  A  wet 
or  dry  positive  displacement  meter 
shall  be  used  to  measure  sample  size  to 
an  accuracy  of  ±0.283  standard  litre. 
Pressure  and  temperature  shall  be 
measured  immediately  upstream  of 
meter.  Accuracy  shall  be  no  less  than 
±2.5  mm.  Hg  and  ±2’  C,  respectively. 
If  a  dry  type  meter  in  used,  it  may  be 
located  between  the  filter  holder  and 
the  vacuum  pump. 

(2)  Sample  flow  rate  measurement 
Sample  flow  rate  shall  be  measiired 


with  a  rotameter  with  accuracy  of  no 
less  than  ±0.01  litre  per  second. 


rifitrc  •  •  sANTLisc  s>.-hOibTic 


(3)  Filter  holder.  The  filter  holder 
shall  firmly  clamp  the  filter  material 
so  that  overall  system  leakage  does 
not  exceed  that  provided  in  §  87.84(c). 
The  holder  internal  geometry  shall  be 
such  that  the  variation  of  SN  over  the 
sample  spot  surface  is  not  greater 
than  two.  Required  elements  of  the 
filter  holder  design  are  given  in  Figure 
4.  The  filter  holder  shall  be  made  of 
corrosion  resistant  material. 


Flow 


D  (Spot  diameter)  <*  0.50  to  1.50  in. 

6»  «  5*  to  7.5» 
a  -  20*  to  30» 

Figure  4  -  FILTER  HOLDER  SCHEMATIC 
DIAGRAM 


(4)  Sampling  probe.  The  sample 
probe  and  procedure  shall  be  the  same 
as  used  to  show  compliance  with 
§87.64(0.  . 

(5)  Sampling  lines.  The  sampling 
lines  shall  be  straight  through  with  no 
kinks  or  loops,  and  no  bends  having  a 
radius  of  less  than  10  line  diameters. 
Sampling  line  inside  diameter  shall  be 
within  4.5  to  8.2  mm.  The  sampling 
line  section  from  the  probe  exit  to 
valve  A  entrance  shall  be  of  minimun 
length,  not  greater  than  23  metres 
with  a  minimum  of  fittings  or  other 
breaks.  Line  material  shall  be  such  as 
to  not  encourage  build-up  of  either 
particulate  matter  or  static  electric 
charge,  such  as  stainless  steel  or 
copper. 

(6)  Valving.  Four  valve  elements 
shall  be  provided.  Valve  A  shall  be  a 
quick  acting,  full-flow,  flow  diverter 
with  "closed”,  "sample”,  and  "bypass” 
positions.  Valve  A  may  consist  of  two 
valves:  Provided,  That  they  are  inter¬ 
locked  so  that  one  of  the  pair  cannot 
act  independently  of  the  other.  Valves 
B  and  C  shall  be  throttling  valves  used 
to  establish  a  system  flow  rate.  Valve 
D  shall  be  a  shutoff  valve  used  in  iso¬ 
lating  the  filter  holder.  All  valves  shall 
be  made  of  corrosion  resistant  materi¬ 
al. 

(7)  Vacuum  pump.  The  vacuum 
pump  shall  have  a  no-flow  vacuum  ca¬ 
pability  of  at  least  560  mm  hg  V,  and 
full-flow  capacity  of  0.48  standard  litre 
per  second  minimiun. 

(8)  Reflectometer.  A  reflectometer 
conforming  to  ASA  standard  for  dif- 
fues  reflection  density,  number  Ph 
2.17-1958,  shall  be  used.  The  diameter 
of  the  reflectometer  light  beam  on  the 
filter  paper  shall  be  no  more  than  one- 
hidf  of  "D”,  the  diameter  of  the  filter 
spot.  The  Viewable  range  of  "D”  is 
given  in  Figure  4. 

(9)  Filter  material  The  filter  materi¬ 
al  shall  be  Whatman  No.  4  filter  paper 
or  equivalent  approved  by  the  Admin¬ 
istrator. 


§  87.83  Information  to  be  recorded. 

The  following  information  shall  be 
recorded  with  respect  to  each  test  in 
addition  to  that  information  called  for 
in  §  87.65  (a)  through  (c). 

(a)  Sample  temperature. 

(b)  Sample  pressure. 

(c)  Actual  sample  volume  at  sam¬ 
pling  conditions. 

(d)  Actual  sample  flow  rate  at  sam¬ 
pling  conditions.  \ 

(e)  Leak  and  cleanliness  checks  sub¬ 
stantiation  as  required  by  §87.84  (b) 
and  (c). 
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§  87.84  Calibration  and  instrument  checks. 

(a)  Reflectometer  calibration.  The 
reflectometer  required  by  §  87.82(b)(8) 
shall  be  calibrated  in  accordance  with 
manufacturer’s  specifications. 

(b)  System  maintenance.  The  need 
for  cleaning  or  replacement  shall  be 
determined  by  conducting  the  follow¬ 
ing  cleanliness  check: 

(1)  Pull  open  valves  B,  C,  and  D. 

(2)  Use  the  vacuum  pump  and  alter¬ 
nately  set  valve  A  to  “bypass”  and 
“sample”  to  purge  the  entire  system 
with  clean  air  for  at  least  5  minutes. 

(3)  Set  value  A  to  “bjrpass”. 

(4)  Close  valve  D  and  clamp  clean 
filter  material  into  the  holder.  Open 
valve  D. 

(5)  Set  valve  A  to  “sample”,  reset 
back  to  “bypass”  after  0.0439  standard 
litre  of  air  per  square  millimetre  of 
filter  area  has  passed  through  the 
filter  material. 

If  the  filter  spot  exhibits  SN  greater 
than  3,  the  system  lines  must  be 
cleaned  or  replaced.  The  system  shall 
not  be  used  vmtil  this  cleanliness  re¬ 
quirement  has  been  met. 

(c)  Leak  check.  The  following  proce¬ 
dure  shall  be  used  to  leak  check  the 
system. 

(1)  Clamp  clean  filter  material  into 
the  holder. 

(2)  Close  valve  A,  full  open  valves  B, 
C,  and  D. 

(3)  Run  the  vacuum  pump  for  5  min¬ 
utes. 

The  system  shall  be  satisfactory  if 
no  more  than  5.6  standard  litres 
passed  through  the  volume  meter 
during  5  minutes.  The  system  shall 
not  be  used  imtil  this  requirement  has 
been  met. 

§  87.85  Test  procedures. 

(a)  The  engine  shall  be  operated  as 
provided  in  §  87.62.  The  leak  check  and 
cleanliness  check  requirements  of 
§87.84  shall  be  confirmed  before  and 
after  each  engine  test.  The  test  shall 
be  repeated  if  the  requirements  of 
§  87.84  are  not  confirmed. 

(b)  Precautions:  The  material  being 
measiu-ed  is  composed  of  low-micron 
and/or  submicron  size  agglomerated 
particles.  Precautions  should  be  taken 
to  assure  that  steady  state  conditions 
have  been  achieved  prior  to  taking  a 
sample.  To  prevent  material  accumula¬ 
tion,  the  system  shall  not  be  left  in  a 
no-flow  condition  when  exhaust  gas  is 
contained. 

(c)  Sampling:  Not  less  than  1  minute 
shall  be  allowed  to  assure  that  the 
system  is  fully  charged  with  a  repre¬ 
sentative  gas  sample.  The  sampling 
flow  rate  shall  be  maintained  at 
0.236 ±0.009  litres  per  second.  At  least 
four  sample  sizes  shall  be  taken  within 
the  range  of  0.0054  to  0.080  grams  of 
exhaust  gas  per  square  millimetre  of 
filter.  Samples  shall  be  taken  both 
above  and  below  0.0162  gm.  of  exhaust 
gas  per  square  millimetre  of  filter. 


(d)  Temperature  control:  The  gas 
temperature  from  the  sampling  probe 
entrance  to  the  filter  material  shall  be 
above  the  dew  point  temperature.  All 
lines  and  valves  shall  be  lagged  and/or 
heated  as  necessary  to  meet  this  re¬ 
quirement. 

(e)  Preparation  for  each  power  set¬ 
ting:  The  following  shall  be  done  to 
prepare  the  system  at  each  power  set¬ 
ting: 

(1)  Set  valve  A  to  “bypass”,  close 
valve  D. 

(2)  Draw  exhaust  gas  for  5  minutes 
minimum,  then  use  valve  C  to  set  flow 
rate  at  0.236±0.009  litre  per  second. 

(3)  Clamp  clean  filter  material  into 
the  holder. 

(4)  Open  valve  D. 

(5)  Set  valve  A  to  “sample”  and  use 
valve  B  to  again  set  the  flow  rate  to 
0.236±0.009  litre  per  second.  This 
shall  be  done  quickly  before  particu¬ 
late  buildup  on  the  filter  causes  exces¬ 
sive  pressure  drop. 

(6)  Set  valve  A  to  “bypass”  and  close 
valve  D. 

(7)  Clamp  clean  filter  material  into 
the  holder. 

(f)  Sampling  procedure:  The  proce¬ 
dure  for  smoke  sampling  at  each 
power  setting  shall  be  as  follows: 

(1)  With  valve  D  closed  and  valve  A 
set  at  the  “bypass”  position,  charge 
the  lines  with  exhaust  gas  for  1 
minute  minimum.  Reestablish  flow 
rate  at  0.236 ±0.009  litre  per  second  as 
required,  using  valve  C. 

(2)  Open  valve  D. 

(3)  Set  valve  A  to  “sample”,  allow 
the  chosen  sample  volume  to  pass, 
then  set  valve  A  to  “bypass”. 

(4)  Close  valve  D  and  clamp  clean 
filter  material  into  the  holder. 

(5)  Repeat  subparagraphs  (2) 
through  (4)  of  this  paragraph  for  at 
least  three  more  sample  sizes  in  accor¬ 
dance  with  paragraph  (c)  of  this  sec¬ 
tion. 

§  87.86  Test  run. 

With  respect  to  engine  operation, 
the  test  run  shall  be  conducted  in  ac¬ 
cordance  with  §  87.68. 

§  87.87  Determination  of  SN. 

Smoke  spot  analysis  shall  be  made 
with  a  reflectometer  as  specified  in 
§87.82(bK8).  The  backing  material 
shall  be  black  with  a  maximum  abso¬ 
lute  reflectance  of  3  percent.  The  re¬ 
flectance  reading  of  each  spot  shall  be 
used  to  calculate  SN  by: 

SN  =  100[  1  -  (Rs/Rw)], 
where 

Rs= absolute  reflectance  of  the  sample  spot. 
Rw= absolute  reflectance  of  clean  filter  ma¬ 
terial. 

§  87.88  Calculations. 

(a)  Calculation  of  W.  The  sample 
mass  (w)  shall  be  calculated  by: 

W  (gm)=0.465(PV/T), 


where  P  and  T  are  sample  pressure 
and  temperature  in  units  of  milli¬ 
metres  of  mercury  absolute  and  de¬ 
grees  Kelvin,  respectively,  measured 
immediately  upstream  of  the  volume 
meter.  V  is  the  measured  sample 
volume  in  litres. 

(b)  Calculation  of  W/A.  The  sample 
mass  in  grams  per  square  millimetres 
of  filter  spot  area  (W/A)  shall  be  cal¬ 
culated  for  each  sample  size  taken. 

(c)  Plotting  SN  versus  W/A.  All  SN 
shall  be  plotted  as  a  function  of  W/A 
on  semilog  coordinates  with  W/A  as 
the  logarithmic  abscissa.  A  straight 
line  shall  be  fitted  to  these  points 
using  the  method  of  least  squares. 
Such  a  line  shall  be  produced  for  each 
power  setting  specified. 

(d)  Plotting  reporting  values  of  SN 
versus  power  setting.  Values  of  SN 
shall  be  read  from  the  straight  line 
functions  of  paragraph  (c)  of  this  sec¬ 
tion  for  W/A=0.0162  gm/sq.mm. 
These  SN  are  the  values  to  be  report¬ 
ed  and  shall  be  presented  by  plotting 
them  as  a  function  of  power  setting  on 
rectangular  coordinates. 

§  87.89  Compliance  with  emission  stan¬ 
dards. 

Compliance  with  each  emission  stan¬ 
dard  shall  be  determined  by  compar¬ 
ing  the  plot  of  SN  as  a  function  of 
power  setting  from  §  87.88  with  the  ap¬ 
plicable  emission  standard  under  this 
part.  The  SN  at  every  power  setting 
shall  not  exceed  the  standard. 

Subpart  I — [Reserved] 

Subpart  J — Temporary  Exemption 

From  Aircraft  Emission  Standards 
(Fuel  Venting  and  Smoke) 

§  87.101  Application  fSr  temporary  exemp¬ 
tion. 

(a)  The  Administrator  of  the  Envi¬ 
ronmental  Protection  Agency  may 
grant  to  any  aircraft  or  aircraft  engine 
temporary  exemption  from  any  appli¬ 
cable  standard  under  §  87.11(a)  or 
§  87.31(a).  provided  that  the  owner  or 
operator  of  such  aircraft  or  aircraft 
engine  demonstrates: 

(1)  All  good  faith  efforts  to  achieve 
compliance  with  such  standard. 

(2)  Inability  to  comply  with  such 
standard  due  to  circumstances  beyond 
his  control,  and 

(3)  A  plan  by  which  he  will  achieve 
such  compliance  in  the  shortest  time 
which  is  feasible. 

(b)  Applications  for  temporary  ex¬ 
emption  from  the  requirements  of 
§  87.31(a)  shall  be  submitted  in  dupli¬ 
cate  to  the  Administrator  of  the  Envi¬ 
ronmental  Protection  Agency  and 
shall  contain  the  following  informa¬ 
tion: 

(1)  The  name  and  address  of  the  ap¬ 
plicant. 

(2)  The  standard  or  requirement 
from  which  temporary  exemption  is 
requested. 
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(3)  The  number  of  aircraft  or  air¬ 
craft  engines  subject  to  the  require¬ 
ment  for  which  a  temporary  exemp¬ 
tion  is  requested. 

(4)  The  efforts  made  by  the  appli¬ 
cant  to  accomplish  compliance,  includ¬ 
ing  ordering  of  equipment  and  sched¬ 
uling  of  maintenance  work,  and  the 
dates  of  these  efforts, 

(5)  A  detailed  statement  of  reasons 
why  the  applicant  will  not  be  in  com¬ 
pliance  when  the  standard  or  require¬ 
ment  becomes  effective, 

(6)  The  name  of  the  equipment  sup¬ 
plier  and/or  the  name  of  the  firm  re¬ 
tained  to  perform  the  maintenance 
work. 

(7)  The  applicant’s  proposed  timeta¬ 
ble  for  installation  of  equipment  and 
obtaining  necessary  approvals  for  each 
aircraft  or  aircraft  engine  for  which 
temporary  exemption  is  requested, 
and 

(8)  The  name  of  the  person  responsi¬ 
ble  for  accomplishing  compliance  ac¬ 
cording  to  the  timetable  proposed  by 
the  applicant. 

(c)  Prior  to  taking  action  on  an  ap¬ 
plication  for  temporary  exemption, 
the  Administrator  shall  consult  with 
the  Secretary  of  Transportation.  A 
copy  of  the  applicant’s  request  should 
be  submitted  by  the  applicant  to  the 
Secretary  of  Transportation. 

(d)  The  Administrator  shall  publish 
in  the  Federal  Register  the  name  of 
the  the  owner  or  operator  to  whom  a 
temporary  exemption  is  granted  and 
the  period  of  such  exemption. 

(e)  No  state  or  political  subdivision 
thereof  may  attempt  to  enforce  a  stan¬ 
dard  respecting  fuel  venting  or  smoke 
emissions  from  an  aircraft  or  engine  if 
such  aircraft  or  engine  has  been  grant¬ 
ed  an  exemption  from  such  standard. 

§  87.102  Thirty-day  suspension  of  fuel 
venting  and  smoke  standards. 

(a)  The  applicability  of  the  stan¬ 
dards  of  §  87.11(a)  and  §  87.31(a)  to  air¬ 
craft  subject  to  such  standards  is  sus¬ 
pended  until  February  1, 1974. 

(b)  Application  for  temporary  ex¬ 
emption  from  the  standards  of 
§  87.11(a)  and  §  87.31(a)  for  aircraft 
which  will  not  be  in  compliance  by 
February  1, 1974,  must  be  submitted  in 
accordance  with  the  procedures  of 
§87.101. 

Appendix  A— Instrumentation  (Aircraft 
Oas  Turbine  Engine  Measurements) 

(a)  SDIR  instruments.  Nondispersive  in¬ 
frared  (NIDR)  analyzers,  shall  be  used  for 
the  continuous  monitoring  of  carbon  mon¬ 
oxide  and  carbon  dioxide. 

The  NDIR  instruments  operate  on  the 
principle  of  differential  energy  absorption 
from  parallel  beams  of  infrared  energy.  The 
energy  is  transmitted  to  a  differential  detec¬ 
tor  through  parallel  cells,  one  containing  a 
reference  gas,  and  the  other,  sample  gas. 
The  detector,  charged  with  the  component 
to  be  measured,  transduces  the  optical 
signal  to  an  electrical  signal.  The  electrical 
signal  thus  generated  is  amplified  and  con¬ 


tinuously  recorded.  The  NDIR  analyzer 
used  in  accordance  with  Subpart  H  of  this 
part  shall  meet  the  following  specifications; 

(1)  Response  time  ielectrical).  90  percent 
full  scale  response  in  0.5  seconds  or  less. 
Zero  drift— less  than  ±1  percent  of  full  scale 
in  2  hours  on  most  sensitive  range.  Span 
drift— less  than  ±1  percent  of  full  scale  in  2 
hours  on  most  sensitive  range.  Repeatabi¬ 
lity— ±1  percent  of  full  scale.  Noise— less 
than  1  percent  of  full  scale  on  most  sensi¬ 
tive  range.  Cell  temperature— minimum  SO* 
C  maintained  within  2*  C. 

(2)  Range  and  accuracy. 


Range 

Aceuracy  excluding 
interferences 

Carbon  monoxide: 

0  to  100  ppm  . . 

_ _ _  ±  2  pet  of  full  scale. 

0  to  500  ppm _ _ 

. —  ±  1  pet  of  full  scale. 

0  to  2,500  ppm  ....... 

Do. 

Carbon  dioxide: 

0  to  2  pet . 

Do. 

0  to  5  pet . 

Do. 

(3)  All  NDIR  instnunents  shall  be 
equipped  with  cells  of  suitable  length  to 
measure  exhaust  concentrations  within  the 
ranges  encountered  to  the  indicated  accura¬ 
cy.  Range  changes  shall  be  accomplished 
either  by  the  use  of  stacked  sample  cells  or 
changes  in  the  electronic  circuitry,  or  both. 

(b)  Total  hydrocarbon  analyzer.— (1)  Gen¬ 
eral  design  specifications.  The  measure¬ 
ment  of  total  hydrocarbon  is  made  by  an 
analyzer  using  a  flame  ionization  detector 
(FID).  With  this  type  dtector  an  ionization 
current,  proportional  to  the  mass  rate  of  hy¬ 
drocarbon  entering  a  hydrogen  flame,  is  es¬ 
tablished  between  two  electrodes;  the  small 
current  is  measured  by  an  electrometer  am¬ 
plifier  and  continuously  recorded. 

The  analyzer  shall  be  fitted  with  a  con¬ 
stant-temperature  oven  housing  the  detec¬ 
tor  and  sample-handling  components.  It 
shall  maintain  temperature  within  ±2*  C  of 
the  set  point,  which  shall  be  within  155*  to 
165*  C. 

The  detector  and  sample  handling  compo¬ 
nents  shall  be  suitable  for  continous  oper¬ 
ation  at  temperatures  to  200°  C. 

(2)  The  FID  analyzer  ased  in  accordance 
with  Subpart  O  of  this  part  shall  meet  the 
following  specifications; 

Response  time  (electrical)— 90  percent  of 
full  scale  in  0.5  seconds  or  less. 

Noise— ±1  percent  of  full  scale  on  most 
sensitive  range. 

Repeatability— ±1  percent  of  full  scale. 

Zero  drift— less  than  ±1  percent  of  full 
scale  in  2  hours  on  all  ranges. 

Span  drift— less  then  ±1  percent  of  full 
scale  in  2  hours. 

Linearity— Response  with  propane  in  air 
shall  be  linear  with  ±2  percent  over  the 
range  of  0  to  2000  ppmC. 

Accuracy;  0  to  10  ppmC— ±5  percent  of 
full  scale  with  propane  calibration  gas. 

0  to  100  ppmC— ±2  percent  of  full  scale 
with  propane  calibration  gas. 

0  to  1,000  ppmC— ±  1  percent  of  full  scale 
with  propane  calibration  gas. 

0  to  2,000  ppmC— ±1  percent  of  full  scale 
with  propane  calibration  gas. 

(3)  Total  hydrocarbon  analyzer  shall  have 
an  initial  alignment  as  follows; 

(i)  Optimization  of  detector  response,  (a) 
Follow  manufacturer’s  instructions  for  in¬ 
strument  start-up  and  basic  operating  ad¬ 
justment.  Fuel  shall  be  60  percent  helium, 
40  percent  hydrogen  containing  less  than  2 
ppmC  hydrocarbon.  Air  shall  be  “hydrocar¬ 


bon-free”  grade  containing  less  than  2 
ppmC. 

(6)  Set  oven  temperature  at  160*  ±5*  C 
and  allow  at  least  one-half  hour  after  oven 
reaches  temperature  for  the  system  to 
equilibrate.  The  temperature  is  to  be  main¬ 
tained  at  set  point  ±2*  C. 

(c)  Introduce  a  mixture  of  propane  in  air 
at  a  propane  concentration  of  about  500 
ppmC.  Vary  the  fuel  flow  to  burner  and  de¬ 
termine  the  peak  response.  A  change  in  zero 
may  result  from  a  change  in  fuel  flow; 
therefore,  the  instrument  zero  should  be 
checked  at  each  fuel-flow  rate.  Select  an  op¬ 
erating  flow  rate  that  will  give  near  maxi¬ 
mum  response  and  least  variation  in  re¬ 
sponse  with  minor  fuel-flow  variations.  A 
typical  curve  for  response  versus  fuel  flow  is 
shown  in  the  following  figure. 


Fuel  flow 


RESPONSE  VS.  FUEL  FLOW 


id)  To  determine  the  optimum  air  flow, 
use  fuel  flow  setting  determined  above  and 
vary  air  flow.  A  typical  curve  for  response 
versus  air  flow  is  shown  in  the  following 
figure; 


Air  flow 


RESPONSE  VS.  AIR  FLOW 


After  the  optimum  flow  settings  have 
been  determined  these  flows  are  to  be  mea¬ 
sured  and  recorded  for  future  reference. 

(ii)  Oxygen  effect  Check  the  response  of 
the  detector  with  varied  concentrations  of 
oxygen  in  the  sample  following  the  steps 
outlined  below;  this  test  shall  be  made  with 
oven  temperature  at  the  set  point  and  with 
gas  flow  to  the  detector  at  optimum  condi¬ 
tions,  as  determined  in  paragraph  (bK3Ki) 
of  this  section. 

'ia)  Introduce  nitrogen  (Ni)  zero  gas  and 
zero  analyzer;  check  zero  using  hydrocar¬ 
bon-free  air;  the  zero  should  be  the  same. 

ib)  'The  following  blends  of  propane  shall 
be  used  to  determine  the  effect  of  oxygen 
(Oi)  in  the  sample. 

Propane  in  Ni. 
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Propane  in  10%±0.5%  O.  and  balance  N>. 
Propane  in  zero  grade  air  (refer  to 
§  87.66(c)). 

The  volume  concentration  of  propane  in 
the  mlxtue  reaching  the  detector  should  be 
about  500  ppmC,  and  the  concentration  of 
both  the  and  hydrocarbon  sho'uld  be 
known  within  ±1  percent  of  the  absolute 
value.  The  zero  shall  be  checked  after  each 
mixture  is  measured.  If  the  zero  has 
changed  then  the  test  shall  be  repeated. 

The  response  to  propane  in  air  shall  not 
differ  by  more  than  3  percent  from  the  re¬ 
sponse  to  propane  in  the  10  percent-OV90 
percent-Ni  mixture,  nor  differ  by  more  than 
5  percent  from  the  response  to  propane  in 
nitrogen. 

The  difference  between  the  response  to 
propane  in  nitrogen  and  response  to  pro¬ 
pane  in  dilutent  containing  10  percent  Oi 
shall  not  exceed  2  percent.  If  the  2  percent 
specification  cannot  be  met  by  changing  the 
sample  flow  rate  or  burner  parameters,  such 
as  air  and/or  fuel-flow  rate,  the  detector 
shall  be  modified  or  replaced. 

(iii)  Linearity  and  relative  response. 

(a)  With  analyzer  optimized  in  accordance 
with  paragraph  (bK3Ki)  of  this  section,  the 
instrument  linearity  shall  be  checked  for 
the  ranges  covering  the  range  of  analysis 
using  propane  in  air  at  nominal  concentra¬ 


tions  of  30,  60,  and  90  percent  full  scale  of 
each  range.  The  deviation  of  a  best-fit  curve 
from  a  least-squares  best-fit  straight  line 
should  not  exceed  2  percent  of  the  value  at 
any  point.  If  this  specification  is  met,  con¬ 
centration  values  may  be  calculated  by  use 
of  a  single  calibration  factor.  If  the  devi¬ 
ation  exceeds  2  percent  at  any  point,  con¬ 
centration  values  shall  be  read  from  a  cali¬ 
bration  curve  prepared  during  this  align¬ 
ment  procedure. 

(5)  A  comparison  of  response  to  the  differ¬ 
ent  classes  of  componds  shall  be  made  using 
(individually)  propylene,  toluene,  n-hexane, 
and  propane,  each  at  20  to  SO  ppmC  concen¬ 
tration  in  air.  If  the  response  to  propylene, 
toluene  or  n-hexane  differs  by  more  than  5 
percent  from  the  response  to  propane, 
check  instrument  operating  parameters.  Re¬ 
ducing  sample  flow  rate  improves  uniform¬ 
ity  of  response. 

(c)  Oxides  of  nitrogen  analytical  system. 
The  chemiluminescence  method  utilizes  the 
principle  that  nitric  oxide  (NO)  reacts  with 
ozone  (Ot)  to  give  nitrogen  dioxide  (NOi) 
and  oxygen  (Ot).  Approximately  10  percent 
of  the  NOi  is  electronically  excited.  The 
transition  of  excited  NOi  to  the  groimd 
state  yields  a  light  emission  (600-2600  nano¬ 
meter  region)  at  low  pressures.  The  detect¬ 
able  region  of  this  emission  depends  on  the 


PM-tube/optical  filter  being  used  in  the  de¬ 
tector.  The  intensity  of  this  emission  is  pro¬ 
portional  to  the  mass  flow  rate  of  NO  into 
the  reactor.  The  light  emission  can  be  mea¬ 
sured  utilizing  a  photomultiplier  tube  and 
associated  electronics. 

The  method  also  utilizes  the  principle 
that  the  thermal  decomposition  of  NOi  (i.e., 
2NOr->2NO-i-Oi).  is  complete  at  about  600* 
C.  The  rate  (x>nstant  for  the  dissociation  of 
NOi  at  600*  C  is  approximately  10  *  (litres/ 
mole-second).  A  1.83  metre  length  of  3.175 
mm  outside  diameter,  0.711  mm  wall  thick¬ 
ness,  flawless  stainless  steel  tubing  resis¬ 
tance  heated  using  a  low  voltage,  high  cur¬ 
rent  power  supply  to  a  temperatiu«  of  650* 
C  provides  sufficient  residence  time  at  a 
sample  flow  rate  of  700  cc  per  minute  for  es¬ 
sentially  complete  conversion  of  nitrogen 
dioxide  to  nitric  oxide.  Other  converter  de¬ 
signs  may  be  used  if  shown  to  yield  equiv¬ 
alent  results. 

The  method  permits  continuous  monitor¬ 
ing  of  NOx  concentrations  over  a  wide 
range.  Response  time  (2  to  4  seconds  is  typi¬ 
cal)  is  primarily  dependent  on  the  mechani¬ 
cal  pumping  rate  at  the  operating  pressure 
of  the  reactor.  The  following  figure  is  a  flow 
schematic  illustrating  one  configuration  of 
the  major  components  required  for  the 
oxides  of  nitrogen  analytical  system. 
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The  oxides  of  nitrogen  analyzer  used  In 
accordance  with  Subpart  O  of  this  part 
shaU  meet  the  foUowIng  specifications: 

Response  time  (electrical) — 90  percent  of 
full  scale  in  0.5  second  or  less. 

Noise— less  than  1  percent  of  full  scale. 

Repeatability— ±1  percent  of  full  scale. 

Zero  drift— less  than  ±1  percent  of  full 
scale  in  2  hours. 

Span  drift— less  than  ±1  percent  of  full 
scale  in  2  hours. 

Linearity— linear  to  within  ±2  percent  of 
full  scale  on  all  ranges. 


Accuracy— ±1  percent  of  full  scale  on  all 

id)  The  dynamometer  test  stand  and 
other  instniments  for  measurement  of 
power  output  and  the  fuel  flow  measu^ 
ment  instrumentation  in  accordance  with 
Subpart  G  of  this  part  shall  be  accurate  to 
within  ±2  percent  at  all  power  settings. 


Appendix  B — [Reserved] 
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